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the CMPLY chair 


@ To the sufferer from sciatica even the 
most comfortable chair symbolizes a bitter 
ordeal to come. Many will demand nar- 
cotics repeatedly. 


Using NAIODINE, thousands of physicians 
have now stilled this cry for narcotics. 
NAIODINE injections usually require but a 
few hours to bring relief of sciatic pain. 


NAIODINE Solution “A” is for intramuscular use. 
Sodium iodide 2% is stabilized by sodium sulfate 
1%. Available in 5cc. ampoules, boxes of 12 and 
50; 10cc. ampoules, boxes of 6 and 50. 


NAIODINE Solution “B” is for intravenous use. 
Sodium iodide 5% is stabilized by sodium sulfate 
1%. Available in 10cc. ampoules, boxes of 6. 


In acute pain, 20 to 30 cc. are injected daily in 
divided doses. After pain is under control, 5 to 
10 cc. suffice. For larger volumes Solution “B” is 
preferable. Contraindicated in tuberculosis or 
thyroid dysfunctions, Observe for iodism. 


Pain 
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FOLIC ACID (SYNTHETIC L. CASEI FACTOR), AN ESSENTIAL 
PANHEMATOPOIETIC STIMULUS 


EXPERIMENTAL AND CLINICAL STUDIES* 


By Cuarves A. Doan, M.D. 


DEAN 


PROFESSOR OF MEDICINE, AND DIRECTOR OF MEDICAL RESEARCH, THE COLLEGE 


OF MEDICINE, THE OHIO STATE UNIVERSITY 
COLUMBUS, OHIO 


THE current era of chemotherapeutic 
and antibiotic therapeutic triumphs in the 
field of the infectious diseases has tended 
to subordinate and overshadow the role 
of optimum nutrition and the importance 
of an effective mobilization of cellular and 
humoral immune forces in the resistance 
economy of the human body. In a world 
of increasing scientific complexity, with 


its multiplicity of geographic, social, eco- 
nomic and dietary maladjustments, and 
With an imminent inevitable upsurge of 
intercontinental, interracial admixtures of 
inherited and acquired traits and diseases, 


it is mandatory to reévaluate all of the 
factors necessary for maintaining strong 


bodies and sane mentalities. No longer 
opt onal, or to be casually accepted or 
hop d for, these attributes have become 
vit:| to human understanding and happi- 
ne ssential to human survival. 

well within the memory of most 
of vhen really serious and scientific at- 
ten were first made to understand and 
conto! the minutia of detail about essen- 
tial | \tritional requirements for optimum 
groy 1, development and function—and 
that \rogress has been made in the appli- 


cation of this knowledge to the solution of 
Bio- 
logic and physical chemistry, and the 
experimental method, are making increas- 
ingly possible both direct and indirect 
controls over the phenomena of health 
and disease to an extent previously un- 
imagined and unpredictable. 

The interplay of bacterial and_ viral 


specific human disease problems. 


agents among a population comprising 
individuals with idiosyncratic and vari- 
able physical reactions and responses, de- 
pendent upon both environmental and 
inherited or acquired organic characteris- 
tics, has proven all too frequently to be 
disastrous to persons, to nations and to 
races. Gradually but surely, at least the 
physical basis for disease prevention and 
cure is being laid, and the emphasis, there- 
fore, is steadily shifting toward the psy- 
chologic, the emotional aspects of human 
character—for better or for worse, as was 
emphasized in last year’s Jarecki Lecture. 
It is the more recently acquired knowledge 
reiating to specific molecular nutrition and 
to the closely related mammalian cellular 
mechanism of resistance which has been 


* The 12th Edwin A. Jarecki Memorial Lecture, Philadelphia, May 17, 1946. 
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chosen for presentation in this Memorial 
Lecture. 

It is no mere coincidence that our own 
first 
marrow cells were initiated in Baltimore 
some 25 years ago from the standpoint 
of nutritional control factors. Prior to 
Dr. Florence R. Sabin’s pioneer studies 
of embryologic blood formation in the 
living chick blastoderm, practically all 
had 


on fixed and stained preparations of sec- 


studies of living blood and bone 


of the recorded observations been 
tioned material, and the only studies on 
simplified hypocellular adult marrow had 
been from tissues subjected to severely 
toxic, destructive influences.“ In an ad- 
jacent laboratory, McCollum was in the 
midst of his synthetic dietary studies in 
rats with special reference to vitamin fac- 
tors, and we were permitted and invited 
to observe the influence of various dietary 
combinations on the hematopoietic equi- 
librium. But the material was too com- 
plex for satisfactory analysis at that time, 
since no one of the diets studied provided 
an appreciable marrow hypoplasia in the 
rat, and the fundamental underlying cel- 
lular structure of this organ, under normal 
adult conditions, was not yet revealed. 
It became evident early in our work that 
an easily induced, reversible, non-toxic, 
hypoplasia of adult marrow must be avail- 
able for the initial basic study of bone 
marrow and function.” An 
adult avian form was chosen, the pigeon, 
in order to correlate more directly Sabin’s 
analysis of erythrogenesis in the chick 
blastoderm. Simple withholding of all 
solid food for a relatively brief period 
was found to produce a progressive pan- 
marrow hypoplasia for all normal ele- 
ments in the adult pigeon, so that with 
the resumption of a normal grain diet 
the prompt but progressive return to 
normal blood cell formation permitted the 
observer to note the origins and relation- 
ships of the various cell types.’* Studies 
followed, in the mammal, as well as the 
avian species, in the attempt to discover 
the dietary factors essential for each blood 


cell type. While Whipple and his asso- 


structure 
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ciates were establishing the essential diet- 
ary constituents for hemoglobinogenesis 
in anemic dogs, the role of the nucleotides 
in granulocytopoiesis in pigeons and rab- 
bits,'® and subsequently in human granu- 
lopenic states,?° was being explored. 

During the interim between World 
War I and World War II, epochal progress 
was achieved through the combined genius 
of Whipple, Minot and Castle, not alone 
through the specific application of their 
discoveries to the successful treatment of 
pernicious anemia but, even more, through 
the establishment of the principle of nutri- 
tional deficiency, on either an intrinsic 
or extrinsic basis, as solely responsible for 
the cellular maturation arrest, which tis- 
sue pathologists had previously interpret- 
ed as malignant megaloblastic anaplasia. 
This revelation has provided a pattern 
for the approach to many other unsolved 
medical problems. 

Despite the unavoidable diverting of 
investigational direct 
objectives in the immediate past, never- 


activities to war 
theless efforts have been gradually inten- 
sified, utilizing modern chemical, physical 
and pharmacologic techniques, to frac- 
tionate, isolate, identify and synthesize 
specific molecules with specific biologic 
activity, from vitamin complexes and 
from many Slowly but 
surely biologic investigators are separat- 


other sources. 


ing the active from the inactive, the 
specific from the non-specific, the innocu- 
ous from the dangerous, the stimulatory 
from the depressant or inhibitory chemical 
combines which affect living protoplasm. 
It is down this avenue of diversified inves- 
tigations, from many individuals and 
groups with multiple interests and_varied 
objectives, that has come the informa- 
tion, which is focusing attention sharply 
at the present time on the so-called folic 
acid or “ L. 
terms of human bone marrow acti\ 


casei factor” concentrates 1D 

It was inevitable that some con! sion 
should arise temporarily concerning this 
newest subdivision of the rapidly growing 
vitamin B family, due to its wide dis‘ ribu- 
tion in nature, its multiple, specics-bio- 


al diet- 
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logic activities, and its variously acquired 
nomenclature, derived from widely sepa- 
rated groups of investigators. There are 
5 designations, which have been com- 
indiscriminately 
applied to this group of compounds: vita- 
min M, vitamin Be, eluate factor, folic 
acid and L. casei factor. Briefly, their 
historical derivations may be indicated. 
In 1935, Day, Langston and associates 
published the first of a series of communi- 
15,14,15.16.27 describing the develop- 
ment of a nutritional cytopenia in monkeys 
on a vitamin B deficient diet, which could 
be prevented or corrected by either liver 
extract or brewer’s yeast. The essential 
but unidentified component or components 
common to these 2 foods was designated 
in 1938 as “vitamin M.’”? Similar stud- 
ies were started in our laboratory in 1940 
in association with Drs. Henry E. Wilson, 
Jr., Oram Woolpert and Samuel Saslaw, 
in an attempt to identify the essential 
hematopoietic factor—more specifically a 
granulopoictic factor—among the growing 
group of subfractions purified and isolat- 
ed from the vitamin B complex. Niacin 
amide, thiamin, riboflavin, calcium panto- 
thenate, pyrodoxin, inosital, para-amino- 
benzoic acid, choline, pimelic acid and 
glutamine were used as they became 
available, and individually and _ collec- 
tively they failed to prevent the gradual 
development of a pan-marrow hypoplasia 
in the Macacus mulatta, when placed on 
a restricted diet (Figs. 1 and 2). We 
concluded*®*° that the crystalline folic 
acid obtained from liver by Stokstad® 
and a highly purified concentrate from 
yeasi** each “closely simulated the 
effect of parenteral liver extract, re- 
esta ishing also a normal white cell 
equi brium” in our monkeys (Fig. 1). 
The identity of vitamin M with these 
folic acid concentrates was suggested and 
Waisman and Elvehjem® 
confir ned the antileukopenic effect of a 
“folic acid”’-rich norite eluate concentrate 
for monkeys in 1943, and Day et al.” 
repor'ed in 1945 the successful treatment 
of “(amin M deficiency” in the monkey 


monly and somewhat 


cations, 


with highly purified L. casei factor, thus 
establishing the biologic identity of these 
2 factors. 

In 1939, Hogan and Parrott” described 
an anemia in chicks due to an undeter- 
mined dietary deficiency, which they 
designated “vitamin Be,” the “c” being 
appended to identify the chick species. 
Its isolation from liver in crystalline form 
was accomplished in 1943 by Pfiffner and 
co-workers, who stated that “it appears 
probable that the chick anti-anemia fac- 
tor Bc, Peterson’s eluate factor, and Wil- 
liam’s ‘folic acid’ are the same.”” In 1945 
these same investigators* isolated a second 
crystalline compound with anti-anemic 
activity for the chick, this time from 
yeast. The molecular weight, however, 
was found to be 2.8 times that of vita- 
min B,. from liver, and it was termed 
“vitamin conjugate.” Typical vita- 
min Be was obtained from the “conju- 
gate” on enzyme digestion. Scott et al.” 
reported that following severe experimen- 
tal hemorrhage in hens, the intramuscular 
injection of L. casei factor synthetic or 
of beta-pyracin hastens the regeneration 
of hemoglobin, and when both are given 
together the recovery is still more rapid 
and a higher total hemoglobin level is 
attained. 

Snell and Peterson® in 1940 found that 
among the requirements for the cultiva- 
tion of Lactobacillus casei was a factor 
occurring in yeast, liver and other natural 
materials, which could be adsorbed on 
norite and eluted therefrom with ammo- 
niacal alcohol. Stokstad,* and Hutchings, 
Bohonos and Peterson™ then carried the 
concentration of this “eluate factor”’ 
further, and the latter showed that this 
concentrate had growth* as well as anti- 
anemic activity®*® for the chick. Similari- 
ties in chemical properties between this 
“norite eluate factor,” factor U of Stok- 
stad and Manning,” the alcohol precipi- 
tate factor of Schumacher et al.,” and 
vitamin B,.” were pointed out. Then 
Hutchings, Stokstad, Bohonos and Slo- 
bodkin® in 1944, using absorption spectra 
data for identification, grouped all of 


DOAN: 
these concentrates under the general term 
L. casei factor.” 

Mitchell, Snell and Williams”® reported 
in 1941 that they had obtained from 
spinach in relatively pure form an acid 
nutrilite, which they called “folic acid,” 
and which they found to be essential for 
the growth of L. 
lactis. Many 
adopted this euphonious designation as a 


casei and Stre ptococcus 
investigators, thereupon, 
generic term to cover all substances with 
similar physiologic properties from what- 


ever source derived. In 1944, however, 


the originators of this cognomen,*® defined 
“folic 


growth factor for S. /actis, thus limiting 


acid” specifically as an essential 
considerably its strictly literal application 
to some of the other closely related, but 
not identical substances. 

Daft and Sebrell’ in their recent review 
of this subject (1945) adopted and defined 
the term “ L. 
stance having activity for the rat and 
chick, 


S. lactis, or capable of being changed to 


casev factor” as “any sub- 


and either active for L. casei or 
an active form by treatment with acid, 
alkali, or any enzyme.” 

Last August, Angier and his associates! 
announced the synthesis of a compound, 
without revealing its exact structure, 
which has ultraviolet and infrared absorp- 
tion spectra, crystalline structure, and bio- 
logic activity identical with the L. 
factor isolated in pure form from liver by 
Stokstad.” 
biologic have been necessarily extremely 


Cast 
Supplies of the crystalline 
ounce of 


l 
10 
active material resulting from a 


limited in the past, only 
ton of 
original fresh liver. The relatively more 
folic 


standardized uniform potency now avail- 


abundant quantities of acid of 


able has stimulated great interest and 
investigative activity. 

Most of the studies have stressed only 
the anti-anemia and growth stimulating 
properties of these concentrates, though 
the work in monkeys recognized from the 
beginning leukopenia as well as anemia in 
the vitamin B deficiency state. A few 
investigators have noted the possible sig- 


nificance of L. casei factor for granulo- 
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eytopoiesis and thrombocytopoiesis, whi 


would seem an even more important cli 
cal attribute of these molecular complex 
if true. 

In a series of studies with rats it. was 
found by Welch et al.,5° Daft and Sebrell 
et al.,“’ and Elvehjem et al.6.* that agranu- 
locytosis may occasionally occur in the 
presence of a dietary deficiency only, but 
the incidence is greatly increased if sulfa 
drugs, or thiourea and thyroxin® are in- 
cluded in the purified diet. Furthermore, 
successfully pre- 
More 


associate 


crystalline “folic acid’’® 
vents or corrects this development. 
Daft, Sebrell 


(1945) have reported severe anemia and or 


recently and 
granulocytopenia, with bone marrow hypo- 
plasia and congestion in a high percentage 
of rats fed a purified diet low in panto- 
thenie acid, in contrast to their controls 
Only 20% 


or degree of blood dyscrasia. 


of the rats escaped some form 
A few ran 
a very rapid, fulminant fatal course. The 
therapy consisted of 200 to 5000 mg 
daily of pantothenic acid alone or com- 
bined with 25 to 100 mg. of L. casei factor 
They conclude: “the granulocytopenia, 
when unaccompanied by anemia, appear- 
ed in most cases to be the result of L. cas: 
factor deficiency, which for reasons un- 
more easily in_ the 
Folic acid 


alone did not affect the anemia, and panto- 


know n, dev eloped 


absence of pantothenic acid. 


thenic acid alone did not affect the granu- 
locytopenia. The anemia responded rea- 
sonably well to the combined treatment 
of pantothenic acid and folic acid. It 
would seem, therefore, at least a possi- 


bility that this anemia was due to the 


simultaneous deficiency of these 2 fact 

Along these lines, Wright and 
Welch® found that feeding rats a highly 
purified diet containing sulfasuxidine. re- 


Same 


sulted in a marked reduction in the Ae 
stores of folic acid, biotin and pantot Nic 
acid, the other B group vitamins |) ing 
unaffected. 
narily adequate amounts of pantot!) nic 


This occurred despite 


acid in the diet, and persisted even « tet 


parenteral administration. Crystalli: 


otin plus folic acid concentrate res’ 
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the pantothenic acid content of the liver 
to normal with the disappearance of all 
These the 
possibility of folic acid and biotin playing 
a role in the bacterial synthesis of panto- 


symptoms. authors discuss 


thenic acid or in the proper storage or 
utilization of pantothenic acid in the tissue. 

Vitamin By and By concentrates® 
proved to be inactive as sources of folic 
acid for the monkey, while crystalline B, 
and synthetic L. casei factor were quite 
A reversal of the lymphocyte- 
neutrophil ratio plus sub-optimal hemo- 
globinogenesis were precipitated by folic 


adequate. 


acid deficiency. 

Finally, Kornberg, Daft and Sebrell!® 
have just shown that weanling rats become 
both granulocytopenic and anemic on 
diets devoid of adequate protein. The 
simultaneous addition to the diet of both 
L. casei factor and the essential amine 
acids was necessary for full recovery. 


1.—ReEpD 
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Prior to our own clinical studies with 
folic acid, extensive experimental investi- 
gations were carried out in monkeys, par- 
ticularly from the standpoint of suscepti- 
bility to virus and streptococcus infections 
in folic acid-deficient, leukopenic states 
with or without anemia. 

Reference to Table 1 will indicate the 
bone marrow and peripheral cell response 
to various diets (Table 2) in which the 
vitamin B complex is lacking in a greater 
All monkeys developed 
a leukopenia after a period of 30 to 120 
days on one or other of these diets, and 
57% showed an accompanying anemia." 
In sharp contrast to the nutritionally nor- 
mal monkey, which is quite resistant to 
the influenza and/or hemolytic 
streptococcus Group C, the nutritionally 
leukopenic monkey is extremely suscepti- 
ble with a high mortality rate (Table 3). 
Neutralizing humoral antibodies in re- 


or lesser degree. 


virus 


AND Wuite BLoop RESPONSES OF Macaca MvuLatr® on MopIFIeD 


ViraMIN B Derictent Diets 


Developing Developing 


Total leukopenia anemia 
Goldberger diet 4 4 3 
Synthetic basic diet (vitamin B-free) 4 4 3 
Diet I (with supplements) = 7 4 
Diet II (with supplements) 20 20 10 
35 35 (100%) 20 (57%) 
2.—Two Diets In VitTaMIN B CompLex WitH SupPpLEMENTS 
Diet No. 1 
Basic Diets* Vitamin Supplementt 
Daily dosage 
% (mg.) 
Sucrose . 68 Thiamine hydrochloride . . . l 
Vitamin-free casein 18 Riboflavin 1 
Vegetable oil 8 Pyridoxin hydrochloride . 1 
Salt mixture (U.S. P. No. 2) 4 Nicotinic acid amide ee 25 
‘od liver oil (U.S.P.) 2 Calcium pantothenate —re 3 
100 


Diet No. 2 


Daily dosage 


(mg.) 
Diet No. 1 with addition of: 
Choline chloride 50 
Pimelic acid 1 
Glutamine 1 
Inositol 1 
Sodium paraminobenzoate 50 
” ral amounts of the basic diet and water were available to the animals at all times. 


ble doses of supplements suspended in water and fed by stomach tube every 2nd day. 


a8Sa\ 
Since se 
ment re discontinued. 


Biotin 


ere done on feces of some of these animals with and without addition of biotin to the diet. 
assays indicated synthesis of large amounts in the intestine of the monkey biotin supple- 
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sponse to the virus,*® 


and specific precipi- 
tins, opsonins and antistreptolysin titers® 
following the streptococcus developed in 
time and quantity in the nutritionally 
deficient monkeys as in the animals on 
normal diet. The most obvious difference 
in the 2 groups was the diminished num- 
ber and inferior quality of the circulating 
granulocytes, and the progressive hypo- 
plasia of the bone marrow in the absence 
of folic acid in the diet. 

Monkey 61 (Fig. 1) is illustrative of the 
progressive pan-marrow hypoplasia with 


TABLE 3. 
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SUSCEPTIBILITY TO INFECTION OF Macaca MULATT ON A 
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events from those occurring following 
liver extract (Fig. 2), or when an hyper- 
plastic, megaloblastic, maturation-arrest 
bone marrow is subjected to folic acid 
significant. In the latter 
instance the peripheral leukopenia and 
thrombocytopenia are usually primaril) 
the 
reticulocytosis precedes the granulocyte 
In the nutrition- 
ally hypoplastic marrow in our monkeys, 


(Fig. 7) is 


myelophthisic in mechanism and 
and platelet responses. 


apparently the deficiency for granulocyto- 
poiesis, when corrected, resulted in a re- 


MopIFIED VITAMIN A 


DEFICIENT DIET 


I. Hemolytic streptococcus (Group C) 


(intranasal inoculations 6 


Streptococcus septicemia, fatal (7 to 13 days) 5 (83%) 
Diet Survival Findings 
M 8 600 
M 14 600 8 days Septicemia 
M 23 I 7 days Sepsis erysipelas 
M 55 II 7 days Septicemia 
M 51 II 13 days Sepsis erysipelas 
M 54 II 18 days Sepsis erysipelas 
II. Influenza virus A (Strain PR 8) (intranasal inoculations) 7 
Virus infection, fatal (2 to 11 days) 5 (71% 
Recovery of 
Diet Survival Pathology virus 
M 24 600 3 days + + 
M 27 I 2 days + + 
M 51 II 
M 53 I] 8 days * 
M 54 II 
M 56 Il 11 days + 
M 69 II 7 days # + 
Controls on Normal Optimum Diet 
III. Streptococcus hemolyticus (Group C) (intranasal inoculations 9 
Fatalities 0 
Influenza virus A (Strain PR 8) (intranasal inoculations) 10 
Fatalities 0 
Hemolytic streptococcus followed or preceded by influenza virus 30 
Fatal streptococcus septicemia (15 to 21 days) . 2 (4% 


(Streptococcus preceded by virus 15 days.) 


a resulting peripheral pan-hematopenia 
which occurs on the unsupplemented basic 
diet. Immediately, within 24 hours of 
the administration of a relatively small 
folic concentrate, the 
granulocytes were increased in the circu- 
lating blood and shortly thereafter both 
reticulocytes and thrombocytes appeared 
in greater abundance, followed promptly 
by a steady and sustained rise in total red 
blood cells, hemoglobin and lymphocytes. 
The difference in sequence of these cellula> 


dosage of acid 


activation which released mature neutro- 
phils directly and before the red blood 
cells have had time to respond. he 
reticulocytosis was greater but the granu- 
locyte response was more delayed and !ess 
pronounced in Monkey 136 (Fig. 2) ‘ol- 
lowing liver extract, than when folic cid 
concentrate was administered. 

Inasmuch as our early studies!® on the 
mechanism of nucleinate induced granu- 
locytosis gave a similar prompt relea:e of 


white blood cells to the circulation, » hen 


owing 
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the bone marrow was functionally capable 


of responding, we were interested in 
comparing the reaction of our leukopenic 
monkeys to adenylic acid versus folie acid. 
While the granulocytes rose transitorily 
in Monkey 1 C (Fig. 3) following each 
injection of adenylic acid, there was no 
evidence of a progressive and sustained 
recovery of both leukocytes and erythro- 
cytes such as occurred on daily folie acid 
administration. 
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condition deteriorated gradually, and whe 


influenza virus was introduced intrana 


ally an acute episode was precipitated 
resulting in death 8 days later with pro- 


found leukopenia in the presence of ne 


tralizing antibodies. Similar fatalities re- 
sulted when hemolytic streptococci were 


administered under the identical circum- 


stances (Fig. 5), even though agglutinins, 


opsonins and antistreptolysins developed 


promptly. 


NUTRITIONAL PAN-HEMATOPENIA 
MONKEY 1¢C Contrasting effects of Adenylic and Folic Acid 


OCT. HON. DEC 


DAYS OF OBSLRVATION 


The contrast between the cytologic and 
clinical improvement, which followed the 
reavailability of folic acid in a monkey 
on a supplemented basic diet, II, and 
the fatal reaction to influenza virus infec- 
tion during a leukopenic relapse is indi- 
cated in Figure 4 (M 53). Following the 
withholding of the folic acid concentrate 
after its specific and generally favorable 
effect on the blood cell equilibrium, appe- 
tite, weight and general appearance and 
activities of the animal, the cellular dis- 
equilibrium again developed, the physical 
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The monkeys, as their leukopenia de 
oped on an inadequate diet, not « 


became abnormally susceptible to su; 


imposed virus or/and pyogenic infect 
they likewise became susceptible to t 
own endogenous, potential pathog 
more particularly those in the intes 
tract. In Table 4 are recorded 
fatalities due to infection in the 35 1 
keys subjected to dietary deficiency s 
ies. It will be noted that 40% were 
to spontaneous infections, the great m 
ity succumbing to bacillary dysen 
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Thirty % did not survive influenza virus 


or streptococcus exposure, which repre- 
sents 71 and 83% respectively of those 
which received intranasal inoculations 
during a nutritionally induced leukopenic 
state. Only 1 monkey succumbed during 
folic acid administration (Fig. 2, M 136) 
in an irreversible crisis. 

Another phenomenon of definite signifi- 
cance was observed among a few of our 
monkeys, which received superimposed 
intranasal inocula of streptococci preced- 
followed by virus. In 


ed or influenza 


TABLE 4. 


FOLIC 
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Monkey 12 (Fig. 6), some 80 days fol- 
lowing the spontaneous recovery from an 
initial streptococcus-virus sequence, rein- 
fection was accomplished with the same 
strains of pathogens and in the same order 
After a latent period of 15 
to 20 days all of the signs and symptoms 
of an acute diffuse glomerular nephritis 
developed, including anorexia, albumin- 
uria (100 mg. %), hematuria, edema and 
hypertension (systolic 185 mm.; diastolic 
140 mm. Hg). 
had been sharply neutralized by the re- 


and dosage. 


The high opsonic index 
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I. Spontaneous Sh. dysenteriz (Flexner) 11 
II. Spontaneous Kl. pneumonia l 
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IV. Spontaneous staphylococcus septicemia 1 (40%) 
V. Experimentally induced hemolytic streptococcus (Group C 5 
VI. Experimentally induced influenza virus A (Strain PR 8 5 (30% 
VII. Controls receiving liver extract or folic acid 1 


VIII. 
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inoculation of the virus and there was a 
progressive anemia and leukopenia at this 
time, with only a slight reticulocyte 
response. Throat cultures were positive, 
but blood cultures were negative for 
hemolytic streptococci, and the hyperergic 
character of this renal episode was sup- 
ported by the pathologic findings in the 
kidneys at postmortem. The same type 
of episode occurred in 2 monkeys on a 
deficient vitamin B diet in which spon- 
taneous endogenous infection had oc- 
curred. 

The studies of the relative susceptibility 
of Macacus mulatta monkeys, under a 
variety of nutritional and environmental 
influenza virus and/or 
hemolytic streptococcus exposure via the 
nasopharynx, have once again emphasized 
the important réle of the white blood 
cells in the body defense against infectious 
Furthermore, folic acid concen- 
trate (L. casei factor) is at least one of the 
essential foods for the maintenance of the 
normal cellular integrity of bone marrow 
in the monkey, and seems to support pan- 
hematopoiesis more specifically and effec- 
tively than any other molecule thus far 
isolated and tested. 

Clinical Studies with L. casei Factor, 
Synthetic. Beginning with Wills’ dis- 
covery that marmite, an autolyzed yeast 
product, was as effective as liver extract 
in the treatment of tropical macrocytic 
anemia, followed by the demonstration 
of its efficacy in the macrocytic anemias 
of idiopathic steatorrhea,® tropical sprue,’ 
and, when given in sufficient dosage, in 
pernicious anemia,™ the search for chemi- 
cally active hematopoietic fractions from 
both liver and yeast has never ceased. 
The preliminary attempts to apply the 
experimental results with: folic acid con- 
centrates derived from each of these 
sources to the treatment of human anemias 
anc leukopenias were equivocal and un- 
con incing, despite their striking influence 
on he metabolism of bone marrow in 
exp rimental animals. Moore and his 
asso iates*! in 1943 attempted the assay 
of | oth crude and more highly purified 


conditions, to 


diseases. 
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“folic acid” concentrates in typical per- 
nicious anemia patients, always obtaining 
a submaximal response, which was attrib- 
uted to “some extrinsic factor activity.” 
Castle et al.‘ reported negative results in 
relapsing pernicious anemia patients, when 
vitamin-free casein plus all crystalline 
members of the vitamin B complex, in- 
cluding “folic acid and folie acid concen- 
trate” in amounts of 2.3 to 3.6 mg., were 
added to normal gastric juice and fed 
daily. Sharp et al. obtained “an appre- 
ciable increase in the hematocrit but only 
slight changes in other erythropoietic 
phenomena” in 10 otherwise refractory 
anemia patients given 0.6 to 1.5 mg. of 
vitamin Be in yeast concentrate. Wat- 
son*? was unable to confirm these findings 
in his patients with refractory anemia, 
when 5 mg. of L. casei factor were admin- 
istered daily by mouth, but suggestive 
responses were observed in 7 patients, 
who had developed leukopenia following 
roentgen ray therapy. 

In confirmation of Watson’s observa- 
tions, Major Perk Lee Davis"? between 
October 1942 and July 1946, as part of a 
coéperative research program with Dr. 
Herman Hoster and our laboratory group 
in Columbus, observed 191 cases at the 
Walter Reed Hospital, Washington, D. C., 
diagnosed as lymphoblastomata. Included 
were reticulum cell sarcoma, lympho- 
sarcoma, giant follicular lymphoblastoma, 
and Hodgkin’s syndrome. ‘Complete 
blood and bone marrow studies revealed 
marked depression of both myelopoietic 
and erythropoietic activity. With the 
introduction of radiation therapy, both 
anemia and neutropenia became progres- 
sively more severe, necessitating daily to 
weekly transfusions of whole blood and/or 

vashed red cells.’ Daft and Sebrell, of 
the National Institute of Health, were 
instrumental in securing, through the 
courtesy of Dr. Thomas Jukes of the 
Lederle Laboratories, sufficient quantities 
of folic acid to permit treatment of selected 
patients in this Army group with large 
oral doses of 75 to 150 mg.‘t.i.d. “Seven- 
teen cases, given these large doses of folic 
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acid without any other therapy, showed 


no demonstrable beneficial influence on 
the course of the disease. Sixty-nine cases 
were then treated with radiation therapy, 
transfusions and When folie 
acid was added to the radiation therapy, 
it was noted that the patients withstood 


radiation better, with less nausea, vomit- 


folic acid. 


ing and general depressing physical effects. 
The necessity for red cell or whole blood 
transfusions decreased in frequency to an 
average of one in 18 days. The ayerage 
time of hospitalization was reduced from 


YS to 


5.3 months. The bone marrow on 


discharge showed an increase in the mye- 


loid and erythroid elements.” Davis con- 


cludes: “Folic acid is recommended as a 


useful adjuvant in maintaining the hem- 
atologic well-being of patients receiving 
massive and prolonged radiation therapy.”’ 

Zuelzer and Ogden®™ have just reported 


raBLeE 5.—SUMMARY OF 


[. Satisfactory: 
1. Addisonian pernicious anemia 
Virgin case 
In relapse 
Maintenance 
Hypersensitive to liver 
satisfactory: 
2. Hypoplastic marrow 
Primary 
Secondary 
3. Monocytic leukemia 
Chronic 
Acute 
4. Acute influenza virus infection 
5. Macrocytic anemia, secondary 
6, 


Hemolytic anemia, acquired 


8. Lymphatic leukemia, chronic 


12 infants under 1 year of age with severe 
macrocytic anemia and megaloblastic bone 
marrows of unknown, non-dietary defi- 
cient 9 of responded 
promptly and completely to L. casei factor 
concentrate, or synthetic. 


etiology, whom 
The dosage 
was 5 to 20 mg. per day for 8 to 21 days. 
Bone reticulocyte and hemo- 
globinogenesis curves were “ virtually iden- 


marrow, 


tical with those obtained in pernicious 
anemia following adequate treatment with 
purified liver extract.”’ Completely nega- 
tive results are reported in the anemia 
of prematurity (18 cases), hypochromic 


28 Cases TREATED 


7. Myelogenous leukemia, chronic 


LIC ACID 

microcytic anemia (8 cases), chronic hyp: 
plastic anemia (2 cases), and in 1 patier 
each with diagnoses of Mediterranea 
anemia, sickle cell anemia, aplastic an: 
mia, subacute myelogenous leukemia, and 
acute lymphatic leukemia, respectively. 
the an 
spectacular response of specifically leuko- 


Encouraged by consistent 
penic or pancytopenic monkeys to “folic 
acid concentrates” in our laboratory,*® 

an attempt was made, in codperation with 
Dr. Spies beginning in the summer of 1943, 
to select certain patients at the Hillman 
Hospital, Birmingham, with nutritional 
reflected 


mouth ulcers, and to appraise the value of 


deficiency by leukopenia and 


L. casei factor, first in the form of the 
purified crystalline concentrate from liver, 
Con- 
trolled peripheral blood and bone marrow 


later as the synthetic molecule. 
studies were made, using the supravital 
Wirn L. 


Caser Factor, SYNTHETIC 
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] 
, with profound leukopenia 3 
to hepatic cirrhosis l 
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technique, and both hematologic and 


clinical improvement, commensurate with 


the then 


dosages available, were re- 
ported.” 

In November 1945, and each month 
since, Spies and associates**~! have pre- 
sented a rapidly increasing series of 
patients with macrocytic anemia, ho 
have responded dramatically and 
pletely to parenterally and orally adi in- 
istered L. casei factor, synthetic. ‘T ese 


cases have included nutritional defic 1) 
per se, Addisonian pernicious anemia 
the macrocytic anemias of pregna: cy, 
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pellagra and sprue, both tropical and non- 
tropical. 

Coincidentally and independently, Dar- 
by and Jones" obtained satisfactory hema- 
tologie and clinical remissions in 2 patients 
with sprue, using 15 mg. of the same 
synthetic material, intramuscularly, daily. 
Moore and associates*' and our own 


' immediately confirmed, and have 


group* 
since paralleled and elaborated upon the 
reported clinical findings of the Birming- 
ham and Nashville groups. 

Table 5 summarizes the 28 patients thus 
far studied in our Clinic together with 
Figures 7, 8 
and 9 present the essential dosage require- 


their respective diagnoses. 


approximately normal cellular maturity 
pattern by the 10th day, the maximum 
reticulocyte response (26.8%) being re- 
corded on the 15th day of therapy, after 
a total cumulated dosage of 30 mg. folic 
acid. Increasing the dose to 10 mg. daily 
beginning with the 16th day failed to 
induce a secondary reticulocyte rise, con- 
firming the adequacy of the original 
dosage. On the 40th day of therapy the 
total red cells reached 4,000,000, hemo- 
globin 13 gm. from a low of 1,000,000 
Clini- 


cally on the 2nd day of therapy this 


erythrocytes, hemoglobin 5 gm. 


patient volunteered that the paresthesia 


FB Aged S7years  ADDISONIAN PERNICIOUS ANEMIA (virgin case) RESPONSE TO FOLIC ACID 
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ments and bone marrow and _ peripheral 
ce ular responses elicited by synthetic 
fo. c acid (L. casei factor) in 3 individuals 
wi classical Addisonian pernicious ane- 
m The changes in the sternal bone 
m:rrow were particularly closely followed 
in the patient whose laboratory studies 
ar correlated in Figure 7. Folie acid 
(2 ig. synthetic) was given intravenously 
A prompt and 
ray d maturation of the megaloblasts was 
ob: rved with the restoration of an 


lor 20 consecutive days. 


of the extremities was definitely dimin- 
ished with a very evident improvement 
in the subjective sense of well-being; the 
vibratory sense and the Romberg were 
objectively improved by the 2lst day of 
therapy. These findings are identical with 
those observed and reported previously in 
patients with pernicious anemia receivirg 
optimal parenteral liver extract therapy.” 
This patient has been maintained in hema- 
topoietic equilibrium and abundant health 
on 20 mg. of synthetic folic acid at fort- 


with 
nonth 
ol 
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nightly intervals since the remission was 
established. 

While 2 mg. orally of folic acid daily 
were insufficient to appreciably increase 
the peripheral red cell level after 10 days 
(Fig. 8) 
pernicious anemia, in relapse, the megalo 


in a white female patient with 


blasts in the sternal bone marrow were 
reduced from 45 to 24% during this period 
immediately the 
increase to 10 mg. daily by intramuscu- 


and almost following 
lar injection, a reticulocytosis developed 
(22%) mg. later, and 
100 units of liver extract failed to induce 


and 25 daily, 
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to this patient with pernicious anemia i: 
relapse were suboptimal as revealed whe: 
the dosage was raised to 50 mg. with 
secondary reticulocyte response. 

In 1 patient (Fig. 10) a white female, 
aged 56, with advanced hepatic cirrhosis 
and ascites and with a long alcoholic 
history, we have observed over a period 
of years a chronic macrocytic anemia with 
moderate leukopenia resistant to therapy 
The hippuric acid excretion is currently 
1.49 gm., prothrombin 28%, cephalin 
flocculation test +++. The erythro- 
eyte MCV is 105 cu, MCH 27, and the 
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any significant secondary reticulocyte 
peak. ‘The chief complaint on admission 


in this patient was severe angina pectoris, 
several attacks daily requiring nitrogly- 
cerine for relief. There have been no 
subjective or objective cardiac manifesta- 
tions since the hemoglobin improved. 
Again in Figure 9 it will be apparent 
that 5 mg. of folic acid given orally daily 
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sternal marrow is hyperplastic with an 
erythroid predominance showing a mod- 


erate “left shift” pattern with 5% 
megaloblasts, 17% early erythroblasts, 


22% late erythroblasts and 58% normo- 
blasts. Folic acid, oral and parenteral, 
has failed thus far to mature these e'e- 
ments or correct the macrocytosis as have 


100 units of liver extract concentrate p.r- 
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enterally. The réle of the liver in the 
utilization of folic acid may be suggested 
should similar macrocytic anemias with 
megaloblastic arrest secondary to far 
advanced hepatic cirrhosis continue to be 
refractory to this stimulus. 

The combined studies have conclusively 
established at least 2 important and ex- 
tremely significant points: (1) that L. 
casei factor contains a potent anti-anemia 
component completely effective in a var- 
iety of human macrocytic anemias; (2) 
that all of the human macrocytic anemias 
thus far studied, including Addisonian 


day. It has been proven to be therapeuti- 
cally effective when given by any route; 
oral, parenteral, per rectal enema (100 mg. 
per day). In several hypoplastic anemia 
patients, in whom we desired to give a 
maximum single intravenous daily dose, 
we found that 125 to 150 mg. represented 
the top tolerance level without unpleas- 
ant subjective histamine-like, vasomotor 
symptoms. Spies®*® reports no untoward 
reactions to 400 mg. daily by mouth. 
Maintenance dosages in patients with 
pernicious anemia in full remission have 
thus far varied in our clinic between 20 


EFFECT OF FOLIC ACID IN 
ADDISONIAN PERNICIOUS ANEMIA 
in Relapse. 


0-7720 MZd'O3yrs. 


| “FOLIC ACID* Synthetic 
5mgm. daily Oral 


{14 | BONE MARROW 
Lote 
Platelets 


~ 


PHN | 
MAR. APR. AY 
Fia. 9. 
pernicious anemia, reflect a common and 40 mg. at 1 to 3 week intervals. 


mechanism of megaloblastic maturation 
rest, not primary or specific to any one 
idrome, but in every instance secondary 
some interference in the availability 

0! an essential nutritional complex. 
Che effective dosage of L. casei factor 
ithetic in a fully developed, advanced 
macrocytic anemia varies from patient to 
patient, from as little as 1 to 25 mg. per 


Minor neurologic signs and symptoms in 
patients in relapse have responded as 
promptly and completely following L. casei 
factor supplements as with potent liver 
extract, and no progressive cord lesions 
have as yet been noted. In those of our 
patients who have developed hypersensi- 
tivity to all liver products, L. caset factor 
synthetic has been substituted in dosages 
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sufficient to maintain an optimum hema- 
topoietic equilibrium with, in no instance, 
any intolerance or allergic manifestations 
to date. Idiopathic marrow hypoplasia, 
myelophthisic anemia, the leukopenia of 
virus infections, and the iron deficiency 
would not be antici- 
pated to respond (Table 5). 


the 


States do not, and 
Unfortu- 


nately, also maturational stimulus 


FOLI¢ 


ACID 


mouth 


effective by in relatively sma 
volume in patients with classical perni 
cious anemia having diminished or absen 
intrinsic factor; (2) it is effective whe 
given parenterally; and (3) its activity i 
not appreciably augmented by incubatio1 
Is it 
the active anti-anemia principle in live: 
and liver extract? 


with normal human gastric juice. 


It would seem unlikely 


for normal leukopoiesis has failed to affect since: (1) the minimum effective dose i 
the immature white cells in the acute’ 1 mg., usually 4 to 10 mg. daily, while 
EFFECT OF FOLIC ACID AND TRANSFUSION IN 
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and subacute leukemias, in a limited ex- potent purified fractions of liver “con 


perience, but a principle has been estab- 
lished for further elaboration and explora- 
tion in this area. 

There is naturally much speculation as 
to the precise réle played by L. 
tor in 


casei 
erythropoiesis and pan-marrow 
With the exact chemical 


formula still unrevealed,* analogies still 


hematopoiesis. 
may be drawn between this factor and 
the other known, essential marrow stimu- 
“ extrinsic 

(1) it is 


lating agents. Does it act as 


factor?” Probably not, since: 


* ‘‘Pteroylglutamic Acid,” 


Science, 103, 6, 


taining only 0.035 to 0.7 mg. of materia 
per injection” have produced adequat: 
hematologic effects; (2) L. fact 
assay has revealed 0.02 to 0.5 mg. onl 
per U.S.P. unit of liver extract;> (3) th 
minimal effective oral dose approaches th 
minimal effective parenteral dose; (4) n 


Cast 1 


evidence of antigenic sensitization has ye 
developed following folic acid. It mu 
be remembered, however, that, with tl 
recognition of L. casei factor conjugate 


reducible by enzymatic action with tl 
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release of “free” factor, the mere presence 
in food or gastro-intestinal tract of “folic 
acid” need not mean it is in a utilizable 
Moore* suggests that the intrinsic 
factor of Castle may be concerned with the 


form. 


release in man of the L. casei factor from 
Spies’ offers the 
hypothesis that the anti-anemic factor 
present in liver and either a 
much larger molecule than L. casei factor, 


its combined form. 


yeast is 


or represents a more potent or effective 
combination of chemical substances per 
unit volume. The precise explanation 
awaits further evidence. 

Still more recently Spies®' has reported 
the erythropoietic effectiveness of 2, 4- 
dihydroxy-5-methyl-pyrimidine synthetic 
thymine), in dosages of 4.5 to 20 gm., 
oral administration, daily with reticulo- 
cyte response and red blood cell recovery 
Thymine 
is a normal constituent of body cells and 
has been shown to support the growth of 
While the quantitative require- 
ments are much greater for equivalent 
bone marrow effects, it would seem prob- 
able that this, too, represents one more 
link in the same chain of evidence, which 


in human macrocytic. anemia. 


Case 


is being currently accumulated. 


Conclusion. In analyzing the increas- 
ing volume and variety of both clinical 
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and experimental studies with “ folic acid,” 
as derived from spinach, liver, yeast, other 
natural sources, and now, the synthetic 
L. casei factor, it becomes increasingly 
apparent that we are dealing with one of 
the more fundamental molecules essential 
to the normal metabolism of all cell types 
in marrow, and in young, actively growing 
cells and tissues generally, perhaps. In 
the absence of “sufficient” L. casei factor 
due to extrinsic dietary deprivation, or 
with intrinsic interference in absorption or 
utilization, a more or less marked, specific 
or general, cellular inadequacy develops 
in mammalian bone marrow with the ap- 
pearance of signs and symptoms associated 
with, and dependent upon, the extent 
and specificity of the individual’s needs. 
Many other factors, including infections, 
condition and modify the relative clinical 
stability or instability of each human 
The 


therefore, recognize these variables, and 


organism. alert physician must, 
exert the maximum of ingenuity in his 
search for the “balance of power” among 
the 


equation, and when this is done, more 


the known or knowable factors in 


often than not, the problem can, and will, 
be solved. 


REFERENCES 


ANGIER, R. B., Boorue, J. 
SUBRAROW 
N HEY, E. H., Seccer, D. R., Sicke.s, J. P., 

Berry, L. J., Spres, T., and Doan, C. A.: 

CastLe, W. B., and Ruoaps, C. P.: 

Cast_Le, W. B., Ross, J. 
Science, 100, 71, 1944. 

CLARK, G. W.: 


6. COOPERMAN, J. M., ELvensem, C. 


Exy iol. and Med., 61, 92, 1946. 
Dart, F. S., and SeBrRELL, W. H.: 
Yor \cademic Press, vol. 3, 1945. 
F. S., KORNBERG, 
Med. 61, 154, 1946. 
Mart, F.S., and SEBRELL, W. H.: 


F. S., KORNBERG, 


/ARBY, W. J., and Jongs, E.: 


BURCHENAL, J. 


A., ASHBURN, L. L., and Sespre.i, W. H.: 


A., ASHBURN, L. L., and SEBRELL, W. H.: 
iterne, 12, 95, 1946; Science, 1946 (in press). 
Proc. Soc. Exp. Biol. and Med., 60, 259, 1945; J. Am. Med. Assn., 


H., Hurcuines, B. L., Mowat, J. H., Sems, J., Stroxstap, E. L. R., 
Y., WALLER, C. W., Cosunicn, D. B., FAHRENBACH, M. J., M. E., Kun, E., 
and Situ, J. M., Jr.: 
South. Med. J., 38, 590, 1945. 
Lancet, 1, 1198, 1932. 

B., Davipson, C. 8 


Science, 102, 227, 1945. 


H., Fox, H. J., and Ham, T. H.: 


Am. J. Men. Sctr., 209, 520, 1945. 
A., McCatu, K. 


Proc. Soc. 


B., and RureGcamer, W. R.: 


L. casei Factor Deficiency, Vitamins and Hormones, New 


Proc. Soc. Exp. Biol. and 


Pub. Health Rep , 58, 1542, 1943. 


Pub. Health Rep., 60, 1201, 


davis, P. L.: Dept. of Medicine, Woman’s Medical College, Philadelphia. Personal communica- 


) be published in detail later. 


3 Chem., 157, 423, 1945. 


l 
130, 1946. 
1 
l 
13 ig 
l 


L., Laneston, W. C., and SHukers, C. F.: 
sy, P. L., Laneston, W. C., and SHuxkers, C. F.: 


2 sy, P. L., Mims, V , Torrer, J. R., Sroxstap, E. L. R., Hurcuinas, B. L., and SLoang, N. H.: 


J. Nutr , 9, 637, 1935. 
J. Biol. Chem., 114, 25, 1936. 


na 
rn 
en 
he 
7 
iol 
ive 
ely 
| 

tori: 
jual 
on] 
) tl 
3 
is 
mu 
h tl 
igati 
h tl 


274 DOAN: FOLIC ACID 


15. Day, P. L., Lanaston, W. C., and DarBy, W. J.: Proc. Soc. Exp. Biol. and Med., 38, 860, 1938. 


16. Day, P. L., Lanaston, W. C , Darsy, W. J., WAHLIN, J. G., and Mrs, V.: J. Exp. Med., 72, 
463, 1940 

17. Doan, C. A.: Bull. Johns Hopkins Hosp., 33, 222, 1922; Contrib. to Embryol., 19, 27, 1922. 

18. Doan, C. A., Sasin, F. R., and CuNNINGHAM, R.S.: Contrib. to Embryol., 83, 163, 1925. 

19. Doan, C. A., Zerras, L. G., WARREN, S., and Ames, O.: J. Exp. Med., 47, 403, 1928. 

20. Doan, C. A.: J. Am. Med. Assn., 99, 194, 1932. 

21. Doan, C. A., Witson, H. E, and Wriaut, C.-S.: Ohio State Med. J., 42, 139, 1946. 


22. Hoaan, A. G., and Parrott, E. M. J.: Biol. Chem., 128, 46, 1939. 

3. Hovucurton, B. C., and Doan, C. A.: Am. J. Clin. Path., 11, 144, 1941. 

24. Hutcuinas, B. L., Bononos, N., and Peterson, W.H.: J. Biol. Chem., 141, 521, 1944. 

25. Hutcuines, B. L., Bononos, N., Heastrep, D. M., Etvensem, C. A., and Peterson, W. H. 
J. Biol. Chem., 140, 681, 1941. 

26. Hutrcuinas, B. L ,Sroxsrap, E. L.R., Bononos, N.,and Stospopkin, N.H.: Science, 99, 371, 1944 

27. Laneston, W. C., Darsy, W. J., SHuKERS, C. F., and Day, P. L.: J. Exp. Med., 68, 923, 1938 

28. Miuts, R. C., Briaes, G. M., Etvensem, Jr., C. A., and Hart, E. B.: Proc. Soc. Exp. Bio 
and Med., 49, 186, 1942. 

29. MitTcHe.u, H. K., SNe.tt, E. E., and WituiaMs, R. J.: J. Am. Chem. Soc., 63, 2284, 1941. 

30. MircHe ui, H. K., SNetu, E. E., and WitiiaMs, R. J.: J. Am. Chem. Soc., 66, 267, 1944. 

31. Moore, C. V., Brerspaum, O.S., Wetcu, A. D., and Wricut, L. D.: J. Lab. and Clin. Med 
30, 1056, 1945. 

32. Moors, C. V.: Personal communication. 

33. PrirFNerR, J. J.. S. B., Bioom, E. S., Brown, R. A., Brrp, O. D., Emmett, A. D., 
Hogan, A. G., and O’De tt, B. L.: Science, 97, 404, 1943. 

34. Prirrner, J. J.. CaLKiIns, D. G., O’De tt, B. L., BLoom, E. 8., Brown, R. A., CAMPBELL, C. J., 
and Birp, O. D.: Science, 102, 228, 1945. 

35. Prepared and supplied by the 8S. M. A. Corporation according to Ref. 24. 

36. RANsongE, B., and Etvensem, C. A.: J. Biol. Chem., 151, 109, 1943. 

37. SaBin, F. R.: Controb. to Embryol., Carnegie Inst., Washington, 9, 213, 1920. 

38. Sastaw, 8., Scowas, J. L., O. C., and Wiison, H. E.: Proc. Soc. Exp. Biol. and 
Med , 51, 391, 1942. 

39. Sastaw, 8., Witson, H. E., Doan, C. A., and Scuwas, J. L.: Science, 97, 514, 1943. 

40. Sastaw, S., Wiison, H. E., Doan, C. A., Woourert, O. C., and Scuwas, J. L.: Reactions of 
Monkeys to Experimentally Induced Influenza Virus A Infection: An Analysis of the Relative Réles 
of Humeral and Cellular Immunity Under Conditions of Optimal or Deficient Nutrition, J. Exp. Med 
(in press). 

41. Sastaw, 8., Witson, H. E., Doan, C. A., O. C., and Scuwas, J. L.: Reactions of 
Monkeys to Experimentally Induced Hemolytic Streptococcus Group C Infection: An Analysis of 
the Relative Réles of Humeral and Cellular Immunity Under Conditions of Optimal or Deficient Nutri- 
tion, J. Exp. Med. (in press). 

42. ScouMACHER, A. E., Heuser, G. F., and Norris, L. C.: J. Biol. Chem., 135, 313, 1940. 

43. Scorr, M. L., Norris, L. C., and Heuser, G. F.: Science, 103, 303, 1946. 

44. Seviina, L. A.: Bull. Johns Hopkins Hosp., 21, 33, 1910; Beitr. z. path. Anat. u. Path., 51, 576, 


45. SHarp, E. A, Vonper Herve, E. C., and WottTer, J. G.: J. Am. Med. Assn., 124, 734, 1944 
46. SNELL, E. E., and Peterson, W.H.: J. Bact., 39, 273, 1940. 
47. Spicer, 8. 8., Dart, F. S., W. H., and Asuspurn, L. L.: Pub. Health Rep., 57, 1559, 


48. Spires, T. D., Vitter, C. F., Kocu, M. B., and Catpwe..i, M. H.: South. Med. J., 38, 707, 
781, 1945. 

49. Spres, T. D., Kocu, M. B., Lopez, G. G., MENENDeEz, J. A., and Minnicu, V.: South. Med. J., 
39, 30, 1946. 

50. Spies, T. D.: J. Am. Med. Assn., 130, 474, 1946. 

51. Spres, T. D., Vitter, C. F., Cringe, J. K., and Frommeyer, W. B.: South. Med. J., 39, 269, 
1946; J. Lab. and Clin. Med., 31, 643, 1946. 

52. Stoxstrap, E. L. R., and Mannina, P. D. V.: J. Biol. Chem., 125, 687, 1938. 

53. Sroxstap, E. L. R.: J. Biol. Chem , 139, 475, 1941. 

54. SupBarow, Y., Hastinas, A. B., and Etxkin, M.: Vitamins and Hormones, New York, Academic 
Press, vol. 3, 1945. 

55. VauGuHaAN, J. M., and Hunter, D.: Lancet, 1, 829, 1932. 

56. WaisMan, H. A., and Etvensem, C. A.: J. Nutr., 26, 361, 1943. 

57. Watson, C. J., SeEBRELL, W. H., McKetvey, J. L., Dart, F. S., and Hawkinson, V.: Ax. J. 
Sctr., 210, 463, 1945. 

58. We cca, A. D., Marrtis, P. A., and Latven, A. R.: J. Pharm. and Exp. Ther., 75, 231, 1942 

59. Wiis, L.: Brit. Med. J., 1, 1059, 1931. 

60. Witson, H. E., Doan, C. A., Sastaw, S., and Scuwas, J. L.: Proc. Soc. Exp. Biol. and Med., 
50, 341, 1942. 
61. Wiison, H. E., Sastaw, 8., and Doan, C. A.: J. Lab. and Clin. Med., 31, 631, 1946. 
62. WINTROBE, M. M.: Am. J. Men. Sct., 197, 286, 1939. 
63. Wricat, L. D., and Wetcn, A. D.: J. Nutr., 27, 55, 1944. 
64. Zuetzer, W. W., and OcpeEn, F. N.: J. Am. Med. Assn., 131, 7, 1946. 


1911. 

1942. 


1938. 
., 72, 


to 


ions of 


3 Roles 
». Med 


tions of 
lysis of 
Nut 


FELDER: 


ORLOFF, 


PRIMARY SYSTEMIC 


AMYLOIDOSIS 


PRIMARY SYSTEMIC AMYLOIDOSIS: JAUNDICE AS A RARE ACCOMPANIMENT 


By Jack Ortorr, M.D. 


AND 
LEONARD FELDER, M.D. 
NEW YORK, NEW YORK 


(From the Medical Division, Montefiore Hospital) 


PRIMARY systemic amyloidosis is a rare 
pathologic entity and, although first de- 
scribed by Wilks in the Guy’s Hospital 
Report for 1856 as mentioned by Dillon 
‘ was only noted 24 more 
times in the literature up until 1939 ac- 
cording to Koletsky and Stecher.’ Re- 
cently Lindsay and Knorp”™ in reviewing 
the literature noted 16 more cases, includ- 
ing 1 of their own. Eight of these had 
appeared before 1939. Since their paper 
Brown and Seltzer,’ and Golden® have 
added 2 others. 

At the Montefiore Hospital, New York 
City, there have been 3 cases in the last 
Perla and Gross" in 1935 origin- 
ally reported 3 others from this institution, 
but in retrospect their second case was 
probably secondary to chronic rheumatoid 
arthritis. Of the recent 3-cases, the first 
was a case of primary amyloidosis of 
the heart, the second of the liver, spleen, 
kidneys, gastro-intestinal tract and blood- 
vessels, and the third of the cardiac and 
striated muscle and of the vessels and 
Only the second will be discussed 
here because of the very rare finding of 
jaundice of many months duration in man 
with hepatitic amyloidosis and a large 
gastric ulcer. 

lost authors, including Moschcowitz,” 
have stated that amyloidosis of the liver 
is -ither rarely or never accompanied by 
Pearlman™ and Rosenblatt in 
a lirge series of cases make no mention 
of its presence. In a study of hepatic 
fun tion in this disorder, Tiber, Pearlman 
an’ Cohen®® noted no icterus in 30 cases 
personally observed and only 1 case of 
transient jaundice in the records of 100 
nts with severe liver amyloidosis. 


and Evans, 


3 years. 


lu os. 


jaundice. 


Bannick, Berkman and Beaver,! however 
reported a case of a 44 year old man who 
1 week before death developed obstructive 
jaundice and ascites and at autopsy had 
only generalized amyloidosis of the liver, 
spleen and other organs. There was 
extensive atrophy of the hepatic cords 
between which there was an accumulation 
of amyloid for which there was no appar- 
ent cause. Their third case had a bili- 
rubin of 1.7 mg. with liver amyloidosis 
and a stomach carcinoma. Theirs were 
apparently the first such cases reported 
in the literature, but there was no discus- 
sion of the pathogenesis of the jaundice. 

Recently Spain and Riley'® reported 
another case. They reviewed 50 cases of 
liver amyloidosis and only noted 1 with 
jaundice. This was a 29 year old female 
with chronic pulmonary tuberculosis who 
had extensive liver amyloidosis and devel- 
oped clinical jaundice 1 week before death. 
Unfortunately no bilirubin determination 
was done, although before that time it 
had been normal, as was the cephalin floc- 
culation test. The alkaline phosphatase, 
though, had been elevated to 20 Bodansky 
units. It was their interpretation, after 
reviewing the slides of 35 other amyloid 
livers without jaundice and with less ex- 
tensive amyloid replacement, that the 
icterus was due to both an actual numeri- 
cal insufficiency of liver cells and a block- 
age of bile canaliculi. 

The other unusual feature in our case 
was a large gastric ulcer. Gastro-intestinal 
involvement by amyloid is not uncommon 
and symptoms such as diarrhea and 
melena are often found in this condition. 
Golden® noted that Lubarsch in 1929 
described a case of amyloidosis of the 
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and 


His case had no free acid 


stomach with pyloric ulcerations 
hematemesis. 
and the amyloid involved the muscularis 
Koletsky and Stecher* quote 


1902 as having a case of 


and vessels. 

Steinhaus in 
amyloidosis with gastro-intestinal bleed- 
the 
One of Perla and Gross’™ cases had severe 
Recently Golden® 


reported a case of a 66 year old colored 


ing and involvement of stomach. 


duodenal ulcerations. 


female who had had ulcer symptoms for 
many years. Examination of the stomach 
after gastrectomy revealed amyloidosis of 
the entire wall and 2 superficial ulcers 
near the pylorus supplied by amyloid 
infiltrated vessels. Lindsay and Knorp’s” 
case had typical ulcer symptoms and at 
autopsy had a lesser curvature ulcer which 


they thought was on an amyloid basis. 


Case Report. (M.8., No. 37542) This was 
the first Montefiore Hospital admission of a 
14 year old male welder who had begun to 
complain of intermittent constipation and 
right upper quadrant pain in May 1943. 
Six months later he was admitted to another 
hospital because of a 15 pound weight loss 
and icterus. Physical examination at that 
time revealed only jaundice, but a gastro- 
intestinal X-ray series demonstrated partial 
obstruction at the hepatic flexure suggestive 
of neoplasm. At laparotomy only adhesions 
about this portion of the colon were found. 
The gall bladder emptied easily and con- 
tained no stones, but the liver was enlarged 
and peculiarly yellowish. A biopsy taken 
was subsequently reported as showing cloudy 
swelling, fatty infiltration, and dilated sinus- 
oids with precipitated bile. Jaundice in- 
creased postoperatively and after a course 
complicated by a_ sulfonamide-responsive 
pneumonia the patient was discharged on 
a low fat diet and given injections of liver 
extract for 10 weeks. Seven months later, 
in May 1944, he was admitted to Montefiore 
Hospital, complaining of progressive weak- 
ness, weight loss, pruritus and abdominal 
distention. He also had begun to note right 
upper quadrant and epigastric pains follow- 
ing meals and relieved by Seidlitz powders. 
Edema and ascites had appeared 1 week 
previously. 


PRIMARY 


SYSTEMIC AMYLOIDOSIS 

Physical examination showed him to be 
poorly nourished and markedly jaundiced. 
His heart and lungs were normal. Blood 
pressure was 100/60. Liver and spleen were 
both markedly enlarged and ascites and 
edema were present 
Data. The hemoglobin 
13 gm., with 4.5 million red cells, hemato- 
erit 35.5, white count 13,600 (80°, neutro- 
phils, 12°% lymphocytes, 2°% basophils, 1° 
monocytes). 


Laboratory was 


Urine always showed from a 
trace to 2+ protein, was positive for bile 
minimal amount of 


concentrated to 1.024 in casual specimens, 


and a urobilinogen 
and had occasional red blood cells, granular 
and hyaline casts. The stool gave a 44 
benzidine test but was light brown in color 
Gastric analysis showed blood, free acid up 
to 11 units and total up to 22. Blood urea 
nitrogen was 12.8 per 100 ce., 
84 mg., total protein 6.6 gm. with a1 
albumin of 3.9 and a globulin of 2.7. The 
euglobulin 0.7, pseudoglobulin I 1.2, 
pseudoglobulin II 0.8. Blood calcium was 
10.7 mg., phosphcrus 3.9 mg.,_ bilirubi 
16.3 mg., the van den Bergh reaction was 
direct, icterus index 71, total cholesterol 
512 mg. with an ester fraction of only 112 
mg., alkaline phosphatase 36.6 Bodansk) 
units, cephalin flocculation negative, pro- 
thrombin time 23 seconds on whole blood 
and 63 on a dilution of 1 to 8. The Exton- 
Rose 2-dose glucose tolerance test showed 


mg. sugal 


was 


a fasting blood sugar of 83 mg., 95 in 30 
minutes, and 102 in 1 hour. 


Was 


Urea clearance 
Hippuric acid excretion was 
2.39 gm. in 4 hours. Urine was negative 
for melanin. The 24 hour 17-ketosteroid 
excretion was markedly depressed to 0.9 mg. 
The test for syphilis was negative. The 
abdominal fluid had a total protein of 
2.6 gm. per 100 cc. Electrocardiogram 
showed left axis deviation. Roentgen raj 
of the chest demonstrated basal atelectasis, 
elevation of the diaphragm, and dorsal 
kyphoscoliosis. The gastro-intestinal Roent- 
gen series showed a large gastric ulcer 0! 
the lesser curvature which was confirmed by 
gastroscopy. Thorotrast was not visualized 
in either liver or spleen by Roentgen ay 
after intravenous injection. Barium en ma 
and long bone Roentgen rays were nor" ial. 
No Congo red test was done. 

Course. While no definite diagnosis was 
achieved, it was suspected that the pa’ e! 
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had a gastric malignancy with liver metas- 
tases. Supportive therapy did little to 
affect the progressive downhill course, and 
the patient died 14 months after admission. 

AUTOPSY. 
primary amyloidosis of the liver, spleen, 


The anatomic diagnoses were: 


kidneys, adrenals, heart, pancreas, lymph 


nodes, testes, small arteries and _ veins; 


thrombosis of the portal, splenic and supe- 
rior mesenteric thrombi in small 


f the pulmonary arteries and 


veins; 


branches « 


veins; jaundice; ascites; edema of the lower 
extremities; hypertrophy and dilatation of 
the heart; slight fatty degeneration of the 
heart; congestion and edema of the lungs; 
bronchopneumonia; large chronic ulcer of 
lesser curvature of stomach. 

All of the above-mentioned organs showed 
the typical gross amyloid stain with iodine. 
The liver weighed 5900 gm. and was large, 
firm, friable and pale yellowish brown in 
color. On section the cut surface had a 
dull glistening appearance. The liver 
lobules were distorted and there were small 
areas of hemorrhage. The gall bladder con- 
tained no stones, had patent ducts, and bile 
was easily expressed into the duodenum. 
The spleen weighed 1200 gm. and was also 
yellowish brown with hemorrhagic areas. 
The stomach was markedly dilated with 
absent ruge. There was a large gastric 
ulcer, 5 em. in diameter, on the lesser curva- 


licroscopic examination of the liver re- 
vealed extreme amyloidosis with oblitera- 
tion of most of the sinusoids and replace- 
ment of most of the parenchyma. Only 
scattered remnants of liver cords or small 
bile duets remained in places. The small 
artcries and arterioles showed marked amy- 
loi’ thickening with narrowing of the lumen. 
There was also an organizing thrombus in a 
laree branch of the portal vein. In a very 
few foci there were bile thrombi present. 
Co co red stain on liver sections was posi- 
ti Sudan III stain showed fatty degen- 
el n of remaining liver cords. 
stomach section was taken at the 
ede of a deep uleer which had extended 
thr gh all the layers of the wall. It was 
sual chronic type with well-formed 
gra: lation tissue, liver adhesions, foci of 
hen rhage, and infiltration by plasma cells, 
oeytes and eosinophils. Many of the 
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arteries in the ulcer base showed subintimal 
thickening and thrombi. There was present 
what was probably amyloid deposition about 
some of the capillaries in the mucosa and in 
the walls of small arteries in the submucosa. 
The muscle bundles in the muscular layers 
were separated by fibrous tissue or amyloid. 

The rest of the autopsy revealed general- 
ized amyloidosis as evidenced by iodine and 
Congo red stains as well as the microscopic 
picture. 

On reviewing the original biopsy taken at 
the other institution it was found that it too 
demonstrated extensive amyloidosis and 
fatty degeneration. 

Discussion. The overall picture of 
cachexia, hepatosplenomegaly, obstructive 
jaundice and melena naturally suggested 
a diagnosis of gastro-intestinal malignancy 
with liver metastases and when this was 
not confirmed at autopsy it came as a 
complete surprise. 

It is generally stated in the literature® 
that primary amyloidosis affects mainly 
mesodermal tissues, the gastro-intestinal 
tract, smooth, skeletal and cardiac mus- 
cles; that it stains atypically, and that it 
is unassociated with any known etiologic 
agent. However, as in our case, many*®* 
have noted amyloidosis of primary or 
idiopathic origin distributed in the par- 
enchymal organs as is more usual in the 
secondary type disease. 

The rarity of jaundice in amyloidosis 
has been well emphasized. Hamilton,’ 
Drinker® and others? have never seen 
amyloidosis result from welding, although 
transient jaundice occurred on at least 

1 occasion. Among 2260 autopsy protocols 
at Montefiore, there were 102 cases of 
amyloid none of which had 
jaundice. Lichtman’ goes so far as to 
say that when jaundice does occur it is 
due to concomitant cirrhosis or gumma. 

Why jaundice occurred in our case, as 
well as in Bannick’s and in Spain’s, is not 
clear. The latter’s contention, that it is 
due to bile canaliculi obstruction plus 
actual cellular insufficiency, is supported 
by the paucity of liver cells in our case, 
the pressure atrophy, bile thrombi and the 
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enormous weight of the liver (5900 gm.) 
in comparison with the weights of the 
102 livers without jaundice (none over 
3300 gm.). Unfortunately, however, this 
concept does not explain the absence of 
jaundice in similar cases, since other amy- 
loid noted at 
marked a numerical insufficiency of cells 


livers Montefiore had as 
microscopically." 

bilirubin 
the 
activity of the manufacturing cells would 


The quantitative source of 
(hemoglobin turnover) as well as 
seem to be of importance in the patho- 
Many of these pa- 
tients are profoundly anemic so that the 


genesis of jaundice. 


low hemoglobin as a limiting source of 
bilirubin, when coupled with a deficiency 
of reticulo-endothelial which 
narily form bilirubin, might explain the 
absence of jaundice. Our patient, in con- 
trast to most cases of amyloidosis, had a 
On the 
other hand, his reticulo-endothelial sys- 
tem was seriously depleted as shown by 


cells ordi- 


practically normal hemoglobin. 


microscopic replacement of lymph nodes 
and spleen with amyloid and the absence 
of Kiipffer cells in the liver. Thorotrast 
visualization according to the method of 
Yater,” et al. failed. The interpretation 
of this might well be that there were not 
enough reticulo-endothelial cells present 
to take up thorotrast in sufficient con- 
centration to cause Roentgen ray visu- 
alization. Apparently, then, the presence 
or absence of jaundice in most cases of 
amyloidosis may depend upon a balance 
between a sufficient source of bilirubin, 
active reticulo-endothelial cells to form it, 
and bile canaliculi obstruction. Most 
often there is no jaundice because of 
anemia, destroyed reticulo-endothelial cells 
and insufficient amyloid obstruction. 

It is interesting to note the dissociation 
in liver function studies in our case. The 
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elevations of bilirubin, alkaline phospha- 
tase and total cholesterol all pointed t 
obstructive jaundice, while the diminished 
hippuric acid synthesis, low cholesterol 
ester and prolonged prothrombin time 
De- 
spite the latter, the cephalin flocculation 
test, one of the most sensitive indicators 


suggested parenchymatous disease. 


of hepatocellular dysfunction, was nega- 
tive. Perhaps this speaks, for an insuffi 
ciency of gamma globulin as suggested by) 
Moore et al." to explain negative tests. 
Gastro-intestinal infiltration by amyloid 
is generally extensive in so-called primary 
amyloidosis, both in the muscularis and 
When the latter 
are severely affected, mucosal ulceration 
might conceivably appear. 
was not too obvious and the ulcer could 


nutrient blood-vessels. 
In our case it 


just as well have been of the usual idio- 
pathic type. 

It is quite obvious from a review of the 
literature that the clinical recognition of 
primary amyloidosis is even rarer than the 
pathologic entity. Many have empha- 
sized the possibility of amyloidosis in 
obscure hepatosplenomegalies, cases with 
macroglossia,”" and anemia. Now, per- 
haps, unexplained jaundice should also be 
viewed with suspicion and a Congo red 
test!® performed. Unfortunately, especi- 
ally in cases of primary origin, this may 
be negative and the diagnosis can then 
only be made on biopsy. 

Summary. 1. A case of primary amy- 
loidosis with jaundice and a gastric ulcer 
is presented. 

2. The rarity of jaundice in amyloid 
disease of the liver is emphasized by the 
few instances (4 which that 
association has been reported. 

3. The possible pathogenesis of jaundice 
and gastric ulcer in amyloidosis is (is- 
cussed. 
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WHEN a healthy American male ex- 
hibits a positive serologic test for syphilis, 
what is the likelihood of his having the 
disease? The present report presents one 
answer to this question in terms of experi- 
ences with the Kahn test at a large semi- 
military training station. Summarized 
are the serologic findings and their clinical 
interpretations in a well-studied series of 
82,070 male Maritime Service enrollees. 
The quota of false positives and _ sero- 
positive syphilis, congenital as well as 
acquired, may be assumed to be fairly 
typical of conditions existing in the com- 
this 
country, within the limits of age, race and 


parable adult male population of 


geographic distribution. 

World War II has been responsible for 
the performance of millions of serologic 
tests for syphilis on Selective Service 
registrants and recruits of the Army, Navy 
and other fighting forces. A number of 
statistical tabulations of the sero-positive 
reactors in various states and fractions of 
6,7,10,12,14,15,18,19 


states? 4 are already on rec- 


ord. The largest series as yet reported 
has been that of Vonderlehr and Usilton,!§ 
who in 1942 collected and tabulated nearly 
2,000,000 serologic reports from Selective 
Service sources. The prevalence of syph- 
ilis for the whole country over the age 
period, 21 through 35, was calculated as 
15.3 1000. 
exclusively upon positive and doubtful 
blood tests. The true rate was then esti- 
mated as being closer to 47.7 per 1000, 
to allow for the fact that not all syphilitic 
The 


prevalence of false positives was not 


per This figure was based 


cases give positive blood responses. 


evaluated. Lowest rates for syphilis were 


found for these areas in which miost of 
our own subjects were recruited, namely, 
New England, the North Central, and the 
Middle Atlantic groups of states. 

That serology pe r Ss cannot be de- 
pended upon to pick out every case of 
syphilis, was well brought out in the 1941] 
evaluation of State Laboratories." The 
criterion of skill, as chosen, was the ability 
to demonstrate positive reactions in blood 
from known syphilitic subjects. In suc- 
cess these laboratories ranged from 61.3 
to 81.3% with the Kahn Standard test; 
65.6 to 83.9% with complement 
fixation and 70.3 to 
83.5% with the Kline Diagnostic precipi- 
tation test. 
tive fraction within the total population 
must be kept in mind when considering 


from 
techniques; from 


The existence of a sero-nega- 


statistics gathered from serologic sources 

The present survey differs from most 
More attention has been 
devoted to distinguishing between 


of the others. 


and false positive reactions and betwee! 


acquired and congenital syphilis. Al 
interpretations of sero-positivity are base 
upon careful clinical work-ups by a well 
organized venereal disease clinic. 
Modern syphilologists are trained t 
view every sero-positive individual wit 
the highest suspicion. This aggressiy 
approach embodies the accumulated trad 


tion of American medical thought, ar 


through the years has proved high! 
efficient in stimulating the detection 
latent cases needing treatment. Sin 


the outbreak of World War IT, howeve 
the awareness is growing that diver 
other conditions often give rise to no 


syphilitic positive responses. As a con 
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quence, it is now being counselled that 
sero-positive individuals who are negative 
clinically should not receive antisyphilitic 
treatment unless their blood reactions re- 
main constant for a minimum of several 
months without drop in titer; and then 
only when all other known causes of false 
positive reactions have been painstakingly 
excluded.!" 

Blood reactions positive from causes 
other than syphilis fall into 2 logical divi- 
those due to faulty technique in 
collection or testing of the specimens (usu- 
ally called “technical false” positives); 
and those due to non-syphilitic reactive 
substances actually present in the serum 


sions: 


usually called “biological false”’ or “ non- 
specific”’ positives). 

Positives resulting from faults in collec- 
tion or testing originate from mislabelling, 
bacterial contamination, hemolysis due to 
improper collection and storage, faulty 
controls, inaccurate readings, defective 
reagents, the addition of oxalate or citrate, 
It has 
been customary to ascribe to such causes 
those instances in which a positive reac- 
tion of strong or weak intensity is encoun- 


clerical mistakes, and so forth. 


tered only once. Such usage merits serious 
reconsideration in the light of recent ob- 
servations that the weak sero-positivity 
associated with non-syphilitic ailments 
may last but 1 or 2 weeks. 
Positive reactions of non-syphilitie ori- 
gin may be associated with any one of a 
wide variety of infectious diseases—among 
wich may be mentioned yaws, leprosy, 
mlaria, infectious mononucleosis, measles, 
uj per respiratory infections, vaccinia, and 
th: bacterial and “viral” pneumonias. 
Kolmer,’ Davis? and Beerman' have 
reently re-evaluated the immunologic 
lit-rature on this subject. “ Attempts to 
fin consistent empirical physico-chemical 
di erences between syphilitic and false 
po tive sera have thus far failed.’ 
ie first large-scale analysis of the inci- 
de: e of non-syphilitie positive reactors 
am: ng otherwise normal individuals was 
tha of Eagle. In 1941 Eagle reported 
on .creening tests of 40,545 male and 
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female students in 15 American colleges. 
The initial testing uncovered 190 positive 
specimens, but 128 could not be confirmed 
by a second blood examination. These 
128 were classified arbitrarily as due to 
laboratory errors in technique, possibly 
without significant justification. The 
interval between tests was not stated. 

Of the 62 students whose responses re- 
mained persistently positive or doubtful, 
26 were found to be either actively syph- 
ilitic or recipients of previous antisyphilitic 
treatment. Remaining were 36 “doubt- 
ful” students with no clinical signs or 
known history of syphilitic infection, a 
prevalence of 1 in 1125 (0.09%). Of these, 
15 came from 7 schools (5783, total enroll- 
ment) which had 11 cases of syphilis. 
At the other extreme, in 10 schools (11,287, 
total enrollment), with no proved case of 
syphilis, only 1 student had a positive 
serologic test. 

To these relationships, the author ap- 
plied the coefficient of correlation and de- 
rived a “corrected” prevalence for bio- 
logic false positive reactions of “less than 
1 in 4000.” This “corrected” estimate 
has received wide acceptance in text-books 
and reviews, but the methodology em- 
ployed may be subjected to criticism. Not 
all 36 members of the “doubtful” group 
were followed for a 3 to 6 month period 
to see what happened to their serologic 
reactions. The largest college had 6 syph- 
ilis and 12 “doubtful” cases, an incidence 
greatly different from that of the other 
schools. If this outlying datum had been 
excluded from the calculations, only the 
slightest relationship between the 2 kinds 
of responses would have been demonstra- 
ble. Nor does a given correlation coeffi- 
cient between 2 serologic variables indi- 
vate that a definite percentage of 1 belongs 
with the other. In fact, there is a grave 
question, statistically speaking, whether 
the coefficient of correlation technique is 
applicable to such data. To report the 
initial prevalence value as | in 1125 would 
seem more advisable than to introduce 
this corrective computation of doubtful 

validity. 
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Mention may be made also of the report 
of Stokes et al.® on the serology findings 
among 210,261 Red Cross donors tested 
at the Philadelphia Blood Donor Center 
in 1944. Only 489 (0.23%) gave definite 
positive reactions to serologic tests for 
syphilis, of whom 59.5% were adjudged, 
after exhaustive study, to be of a non- 
syphilitic nature. The prevalence of such 
non-syphilitic positive reactions, therefore, 
averages 1 in 708 in this series. 

Procedure. The 82,070 subjects of our 
study were recruited in the northeastern 
United States, in the segment extending 
from New England down to and including 
North Carolina and as far west as the 
Mississippi River. The series comprised 
every basic-training enrollee reporting 
between June 1, 1943, and July 1, 1945. 
Approximately 60% were between 16 to 
20 years of age, and another 30% were 
between 21 and 30; their age distribution 
is indicated in Tables 2 and 3. They 
came from every economic and social level. 
Nearly all were white. Preliminary sero- 
logic testings at the time of their enlist- 
ments were not done, and the majority 
had never previously been given a “blood 
test.” 

Since the Kahn test is utilized by the 
United States Navy and procedures with- 
in the Maritime Service are in general 
patterned after those of the Navy, the 
Kahn test was adopted for the serologic 
screening of these men for syphilis. Con- 
clusions drawn with regard to sero-posi- 
tive reactions are, therefore, based upon 
the results of this test. 

Blood specimens were taken within 
48 hours of arrival. The specimens were 
subjected to the Kahn Standard test, or 
to the Kahn Presumptive test, followed 
by the Standard test on all suspicious and 
positive reactions. These tests were done, 
as a rule, on the Ist or 2nd days after 
collection, although uncontrollable fac- 
tors at times made delays necessary. 
Whenever the reaction was _ positive, 
doubtful, or difficult to read, the Kahn 
test was repeated. At the same time a 
duplicate specimen of blood was sent to 


KAHN 


TEST FOR SYPHILIS 
the Venereal Disease Research Laboratory 
of the U. S. P. H. S., U. S. Marine 
Hospital, Staten Island. There the sera 
was checked by a serologic “battery” of 
7 precipitin and complement fixation tests 
—the Kahn Standard, the Kolmer Com- 
plement Fixation, the Kline Diagnostic, 
the Kline Exclusion, the Eagle Floccula- 
tion, the Hinton Flocculation and _ the 
Mazzini Flocculation tests. 
The serologic “battery” furnishes a 
broader picture of the serum reactivity 
patterns than any single test procedure. 
Sera with a strong content of reactive 
substances are positive to all tests. 
tive sera from treated and non-syphilitic 
individuals often give weak, doubtful, or 
negative readings with some of the tests 
and negative findings with others. Maho- 
ney® has pointed out, and our results also 
indicate, that the distribution patterns 
from different individuals may be diverse 
and non-uniform. : 
The reliability of the Kahn technique 
in our laboratory was controlled by com- 
parisons of all positive reports with the 
results of parallel Kahn tests made by the 
Venereal Disease Research Laboratory. 
Apart from minor variations in degree of 
positivity in borderline sera, the reports 
from the 2 laboratories seldom conflicted. 
Every subject who showed any positiv- 
ity with the repeat Kahn or with any of 
the battery components was studied clin- 
ically by a trained syphilologist, to estab- 
lish the presence or absence of syphilis. 
Terminology. Simple and unconfusing 
terms have been chosen for classifying the 
positive reactions. “ Positive reactions of 
questionable reliability’’ seemed an ap- 
propriate designation when sero-positivity 
was found once only, for the reason that it 
is objective and non-interpretative. ‘lo 
call such instances “technical false posi- 
tives,”’ as is often done, would be shutting 
one’s eyes to the possibility that seroloxi- 
cally reactive substances may have been 
transitorily present only at the time of 
the first test. Furthermore, the tem 
“technical” implies an error on the p:rt 
of technician or laboratory, whereas, in 


Posi- 


lure 
tive 
Osi- 
ilitic 
l, or 
tests 
aho- 
also 
erns 
verse 


‘ique 
com- 

the 
the 
tory. 
ee of 
ports 
ected 
sitiv- 
ly of 
clin- 
stab- 


lis. 
using 


WOLMAN: THE KAHN TEST FOR SYPHILIS 283 


actual fact, the hemolysis which gives rise 
to most extrasomatiec positive reactions 


originates in the physician’s venepuncture. 


“Non - syphilitic positive reactions” 
seemed a good descriptive term for the 
repeated finding of sero-positivity in indi- 
viduals, when diagnostic study could not 
establish the existence of syphilis. Such 
reactions are at times referred to, more 


raBLe | 


syphilitic. Those who show a persistently 
positive test are regarded as syphilitic, 
and all others still showing conflicting 
serologic reactions are subjected to further 
observation and study.” 

In the study of these cases, syphilis and 
the other diseases known to evoke sero- 
logic responses were searched for carefully 
when recording the history and in the 


DIAGNOSTIC CLASSIFICATION OF PosITIVE SEROLOGIC REacTIONS (WITH THE STANDARD 


Kaun Test) SHown By 82,070 ENROLLEES 


Diagnosis 
Single positives of questionable reliability 
. Non-syphilitic positives : 
. Indicative of congenital sy philis ‘ 
. Indicative of acquired syphilis 


Subtotal of adequately studied cases . 
5. Inadequately studied cases (unclassified) 


Total 
euphemistically, as “biologic false” or 
positives. The criteria for 
all diagnostic categories are discussed in 
the ensuing paragraphs. 

Criteria and Results. Of the 82,070 
consecutive specimens, 778 (0.95%) were 
read as positive or doubtful. A tabulation 
of the clinical diagnoses arrived at after 
more detailed study is given in Table 1. 

Positive Reactions of Questionable Re- 
lialility. Since “a single positive report 
cannot be considered valid evidence of 
syphilis or a biologic false positive reac- 
tion,’® all men whose initial specimens 
were reported positive and whose repeat 
tests were all negative, were released from 
supervision without further follow-up. 

“he group was comprised of 257 individ- 
uals, about 40 % of all enrollees adequately 
studied. Only 31 (roughly 12%) were 
strong reactors (4+, 3+). The remainder 
ga\e weak or partial reactions (2+, doubt- 
ful 1+, doubtful +, negative +). 

Non-syphilitic Positives. The dispo- 
sition of sero-positive individuals with no 
clinical manifestations of syphilis was, in 
general, that of the Venereal Disease Con- 
tro Branch of the Army.” After 3 months 
of serologic observations, “men whose 
serv ogic reaction reversed to negative are 
disc arged from observations as non- 


non-specific 


Adequately 
studied 
All positive 
enrollees reactions 
No. (%) (%) 
257 0.33 89.9 
86 0.105 13.4 
41 0.05 6.4 
260 0.32 40.3 
644 0.78 100.0 
134 0.18 
778 0.95 


physical examinations. The patients’ 
reactions were followed bi-weekly by 
serologic battery and quantitative Kahn 
tests. When the titer remained constant 
or manifested a rise the disposition was 
deferred for at least 3 months before the 
diagnosis of syphilis was seriously enter- 
tained. When the titer fell progressively 
without treatment, in the absence of any 
other reason to suspect syphilis, the case 
was classed as non-syphilitic positive reac- 
tion. Cerebrospinal fluid specimens were 
taken when the blood reactions remained 
persistently positive. The presence of 
syphilis in the wife, children, or parents 
could only be investigated occasionally 
since few trainees had their families with 
them. Doubtful instances which could 
not be observed for a full 3 months, and a 
few in whom the diagnosis was still uncer- 
tain after 3 months, have been classed as 
“inadequately studied.” 

Of the total series of enrollees, 86 
(0.105%) were diagnosed as non-syphilitic 
positive reactors. This figure represents 
13.4% of the group of positive cases ade- 
quately studied. 

In this series of subjects, the blood 
specimens for serology were collected prior 
to the prophylactic inoculations given new 
arrivals, Therefore, the influence of such 
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injections in eliciting positive reactions 
was In effect only with the small minority 
of trainees who were enlisting in the Mari- 
time Service freshly after release from the 
Army or Navy. 

3. Congenital Syphilis. Syphilis 
classified as congenital when the subject 


was 


gave a history of having positive serology 
tests or receiving specific treatment dur- 
ing early childhood; or with stigmata such 
teeth, 
A corroboratory 


as iritis, keratitis or deformed 
which were rarely seen. 
story was often obtained of the parents 
or other siblings also receiving treatment. 
No patient was placed in the congenital 
class if he gave a history or exhibited any 
clinical evidences of chancre, secondary 
rash, or other phenomena of acquired 
disease 

The diagnosis seemed well established 
in 41 of the full series (0.05%). This 
represents 6.4% of the well-studied cases. 
The nomencla- 
ture of the Bureau of Social Hygiene of 
the City of New York? was utilized for sub- 
classification : 

“A. PRIMARY. chancre 
with or without palpable drainage node. 
Darkfield positive 


1. Acquired Syphilis. 


Evidence of 


negative (sero-negative primary) or posi- 
tive (sero-positive primary). 


TABLE 2,—AGE 


Group 
A ge Es 
groups No Primary Secondary 
yrs.) enrollees No.) No.) 
16-20 50,437 0 1 
21-25 11,950 0 ] 
26-30 11,930 0 0 
31-35 5,419 0 0 
36 and ¢ 2,334 0 0 
Totals 82.070 0 2 149 
% of all 82,070 enrollees 0.0 0.002 


“B. Seconpary. Evidence of cutane- 
ous, mucous membrane or mucocutaneous 
lesions with symptoms of generalization, 
such as adenopathy, early eye involvement 
or early central nervous system invasion. 
Wassermann positive. 

“C. Earty Latent. (Asymptomatic.) 
Positive serology and no detectable clinical 
signs or symptoms—infection of less than 
4 years duration, with or without treat- 
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serology may be either 
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ment. If duration is unknown, pati 
less than 25 years of age. 
“D. Late Latent. 
Positive serology and no detectable clir 
Infection of 4 
with or without 
If duration is unknown, pa- 


(Asymptomati 


cal signs or symptoms. 


more years duration, 
treatment. 
tient 25 years of age or more. 

“E. LATE. 


or symptoms of syphilis of cardiovascular, 


Demonstrable clinical signs 


cerebrospinal, cutaneous, osseous, or other 
organs and tissues. Confirmatory serol- 
ogy, spinal fluid, or Roentgen examina- 
tions.” 

A total of 260 cases of acquired syphilis 
were recognized, representing 40.3% of 
the group of cases adequately studied. 
The incidence of the various stages is 
listed in Table 2. More than half of the 
cases, 149 of the 260, were in the latent 
stage. 

5. Inadequately Studied. 


comprises all men who left the training 


This category 


station before a reasonably exact diagno- 
ry 
The chief 


responsible for the largeness of this group 


sis could be made. factor 
was the sudden mustering out of trainees 
which would take place whenever the 
need for more men by the merchant marine 
Tn such urgen- 
cies a weakly positive Kahn titer was not 


suddenly became pressing. 


TION OF ACQUIRED SYPHILIS CASES 
latent Late, latent Late Tot 
No No % No. 
0.10 5 0.01 3 0.01 61 ( y. 
0.28 7 0.06 2 0.02 44 (). 4 
0.31 23 0.19 3 0.03 63 4 
0.39 23 0.42 3 0.06 47 SY 
0.21 35 1.50 3 0.21 45 H 
93 16 260 
0.18 0.11 0.22 


deemed a cogent cause to detain a 


These men 
advised to report to a physician on return 


from being shipped out. 
from sea. So far as is known, no individual 
voluntarily disenrolled because of a posi- 
tive serology finding. 

The membership of the unclassi! ed 
group was found to possess the same ge 
group distribution and the same ratio of 


weakly to strongly positive reactic ns, 
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within the range of normally expected 
ariation, as did the total series of cases 
adequately studied. It is a reasonable 
presumption, therefore, that for this un- 
classified group the diagnostic breakdown 
was essentially the same as for the series 
adequately studied. The absolute figures 
thus far given for the various diagnostic 
sub-groups may accordingly be augmented 
by 44 (20.6%) in order to have a more 
accurate picture of the frequency of the 
various diagnostic categories within the 
total population of enrollees. 

Comments. Vhe Age Factor. Tables 2 
and 3 list the incidence of the several con- 
ditions discussed in this paper, arranged 
according to age group class intervals. 

The 86 non-syphilitic positive reactors 
exhibited no significant change from age 
group to age group, which suggests that, 
as a general principle, the biochemical 
influences which give rise to transitorily 


TABLE 3.—COMPARATIVE DISTRIBUTIONS OF 
SYPHILIS CASES IN REI 
Non-syphilitic 
A ge positives 
ups No. 
enrollees No. % 
50,437 57 0.11 
25 ; 11,950 11 0.09 
30 . 11,930 11 0.09 
35 5,419 6 0.11 
ind over . 2,334 l 0.04 
tals ‘ 82,070 86 0.10 
TABLE 4, 


CasES OF ACQUIRED SYPHILIS WITHIN 
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tion—early latent syphilis in the men 
36 years and older—statistical computa- 
tion shows that the decline in prevalence 
lies within the possibility of chance occur- 
rence. 

Inasmuch as the Selective Service statis- 
tics which have been or will be compiled 
do not include ages 16 and 17, the years 
of late adolescence, more detailed data 
for the age group 16 to 20 years are 
presented (Table 4). The non-syphilitic 
positive reactions show no significant 
change with relation to year of age. 
Acquired syphilis on the other hand was 
almost non-existent at 16 years but rose 
sharply with the succeeding years. 

Serologic Patterns of False Positive Reac- 
tions. Table 5 is a comparison of reactiv- 
ity of the 7 member tests of the battery 
to positive non-syphilitice sera. 

In considering this comparison, one must 
keep in mind that the sero-positivity of 


NON-SYPHILITIC PosiTIVE REACTORS AND OF 


ATION TO AGE GROUPS 


Congenital 
syphilis 


Acquired Total 
syphilis syphilis 


— ~ 


No. % No. % No. 
27 0.05 61 0.12 88 0.17 
9 0.08 44 0.37 53 0.44 
3 0.03 63 0.53 66 0.55 
1 0.02 47 0.87 48 8.90 
| 0.04 45 1.93 46 1.97 
4] 0.05 260 0.32 301 0.37 


COMPARATIVE DISTRIBUTION OF NON-SYPHILITIC PosITIVE REACTORS AND OF 


THE AGE Group 16 TO 20 YEARS 
Acquired 


Non-syphilitic 
syphilis i 


positives 


yrs.) enrollees No. % No. % 

16 ‘ae te 12,084 2 0.02 7 0.06 
17 a 13 0.08 21 0.13 
18 eee 14,859 22 0.14 24 0.16 
19 oo ao 3,803 14 0.40 3 0.08 
20 er a 3,005 10 0.33 2 0.07 


positive responses are active independently 
o| the age factor in adult males. 


congenital syphilis the age groups 
a! 9 show a distribution which appears to 
be entirely random (Table 3). This to-be- 
exvected relationship vouches for the 
a uracy of the diagnoses made. 

‘quired syphilis, in contrast, increased 
W ascending age. This relationship 
he | for the sub-groups as well as for the 
to’! group. As for the 1 apparent excep- 


these individuals was detected originally 
by the Kahn Standard test, in other 
specimens collected 2 days to 3 months 
earlier. Positive Kahn reactions, as ex- 
pected, had the highest prevalence. Posi- 
tive Mazzini reactions were the next most 
numerous. The Kolmer complement fixa- 
tion test excited less positive reactions 
than did any of the flocculation tests. A 
similar lack of “false” reactivity with 
the Kolmer test had been noted by Reim 
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and Elsberg™ 


when they surveyed, with 
a 6-test battery, soldiers whose sera had 
become transitorily positive in the course 
of vaccinia, primary atypical pneumonia, 
and upper respiratory tract infections. 
These authors commented that in leprosy 
and malaria, by contrast, the complement 
fixation tests may demonstrate a higher 
prevalence of sero-positivity than will the 
flocculation tests. 


KAHN 


TEST FOR SYPHILIS 

proportion of the positive reactions en- 
countered in the initial test may have 
been positive, not because of extraneous 
causes, but because their sera at the time 
of the first test contained reactive sub- 
stances which had faded away by the 
test. 
that these statistical influences are mutu- 


time of the second If we assume 


ally neutralizable, the total prevalence of 
non-syphilitic positives in our series may 


TABLE 5.—CoOMPARATIVE REACTIVITY OF SERA FROM 73 PATIENTS DIAGNOSED as NON- 
SYPHILITIC PosITIVE’’ TO STANDARD SEROLOGY TESTS 
Dbtfl. and weakly 
positive Strongly positive 

No. Negative 2+ and less) 3+,4+) 

sera - —_~ - 
Name of test* tested No. % No. o/ No. % 
Kahn Standard , 120 29 24 3 44 38 32 
Mazzini Flocculation . 119 44 37 0 2 25 21 
Kline Exclusion ; ; 55 24 43 2 40 9 17 
Hinton Flocculation : 109 68 62 21 19 20 19 
Kline Diagnostic ‘ 52 33 63 14 27 5 10 
Eagle Flocculation 114 80 70 13 10 21 20 
Kolmer Complement Fixation ; 114 96 84 8 7 10 9 


* Arranged in order of decreasing reactivity. 


All individuals were detected originally by the Kahn Standard test. 


only weakly so, to at least one of this battery of tests. 


Incidence of Non-syphilitic Positives. It 
is conceivable that some of the individuals 
placed in this group had latent syphilis, 
unknown to themselves, or perhaps were 
deliberately concealing a history of pre- 
vious antisyphilitic treatment. The num- 
ber of such syphilitics erroneously termed 
non-syphilitic positives can only be pre- 
sumed. The size of the estimate depends 
However, 
inasmuch as the prevalence of non-syphil- 
itic positive reactions (as diagnosed) was 
essentially uniform, regardless of age, in 
contrast with the prevalence of acquired 
syphilis, which rose concurrently with ad- 
vance in age, it may be presumed that the 
number of unrecognized instances of syph- 
ilis mistakenly placed in the non-syphilis 
group was probably not appreciable. 

Some of the trainees who gave positive 
or doubtful reactions on arrival might 
have been found negative on later study 
were it not for the stimulating effect of 
the multiple inoculations (against typhus, 
smallpox, typhoid and paratyphoid, tet- 
anus, yellow fever) which were given coin- 
cidentally with the follow-up serology 
tests. Conversely, a certain but unknown 


upon one’s index of suspicion. 


Every serum listed here was “ positive,” 


Not every test was always performed on each specimen. 


be taken as 13.4% of 778, or 104; ap- 
proximately 1 in 790 for the total popula- 
tion. This somewhat higher 
though of the same order of magnitude, 


rate is 


as Eagle’s “uncorrected” rate of 1 in 
1126 college students’ and is essentiall) 
the same as the prevalence in Stokes’ 
series of 1 in 708 Red Cross donors." 

Weak vs. Strong Reactions. The strength 
of the reactivity was related to the oc- 
Of 345 
weakly positive specimens only 65 (18.8% 
were adjudged due to syphilis. Of 299 
strongly positive reactions, 236 (78.9% 
were adjudged due to syphilis (Table 6; 
Fig. 1). To generalize from these data, 
a weakly or partially positive reaction 
with the Kahn Standard test means that 
the probabilities are 4 out of 5 that 
syphilis cannot be demonstrated by care- 
ful study. Conversely, a strongly positive 
reaction means that the probabilities are 
4 out of 5 that a syphilitic infection is 
clearly present. 

Prevalence of Syphilis. The prevalence 
of sero-positive syphilis in this series wis 
approximately 46.7% of 778, or 363; this 
gives a rate of 4.4 per 1000 and is ap- 


currence of syphilis as follows: 
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proximately one-tenth of that estimated 
by Vonderlehr and Usilton’* for the 
northeastern United States. Their compi- 
lation comprised all males between 21 and 
35, whereas 60% of the men here sur- 
veyed were of age 16 through 20, when 
syphilis is at its lowest. Moreover, 
Negroes formed but a small fraction of 
our series. 
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It will be recalled that in Stokes’ series 
only 40.5% of the Red Cross donors with 
positive reacting bloods were finally judg- 
ed to have syphilis. 

Summary. A survey has been made of 
the incidence and meaning of 783 positive 
reactions to the Kahn Standard serologic 
test for syphilis, encountered in a popu- 
lation of 82,070 consecutively examined 


TABLE 6.— DISTRIBUTION OF WEAK AND STRONG SEROLOGIC RESPONSES (TO STANDARD 
KaHN Test) WITHIN THE DIFFERENT D1AGNostic GROUPS 


(neg. +, dbt. 


Single positives of questionable reliability . 
Indicative of congenital syphilis 

Indicative of acquired syphilis 

Subtotal of adequately studied cases . . 
Inadequately studied cases (unclassified 


Total 


700 - STRONGLY 
POSITIVE 

600 - 

500 - 

400 


Original Kahn test 
strongly positive 


Original Kahn test 
weakly positive 


+; dbt. 1+, pos. 2+) (3+, 
No. % No. % 
226 88 31 12 
54 63 32 27 
11 27 30 63 
54 21 206 79 
345 54 299 46 
75 6 59 44 
420 54 358 46 


WEAKLY 
POSITIVE 


300- 
200 + 

SINGLE : 


POSITIVES OF NON-SYPHILITIC CONGENITAL ACQUIRED 


QUESTIONABLE POSITIVES 


RELIABILITY 


SYPHILIS SYPHILIS 


1a. 1.—Graphic presentation of the distribution of the diagnoses made after clinical study of 
al! positive Kahn reactors encountered among the 82,070 consecutively examined enrollees. ‘‘Strongly 


Positive”’ 
W titers read as 2+ or lower. 


nother reason for the difference prob- 
aly lies in the criteria used for diagnosis. 
The above authors, and the others cited 
in the introduction of this paper, based 
their diagnoses primarily upon the results 
of serologic tests, whereas in this series 
th presence or absence of confirmatory 
fin ings in history and physical examina- 
tio: were also taken into consideration. 


refers to those whose first tests were read as 3+ or4+. ‘‘ Weakly Positive’’ comprises all 


male Maritime enrollees aged 16 to 54 
years. 

Diagnostic study of the men with posi- 
tive sera indicated (in round numbers): 
40 % had single positive reactions of ques- 
tionable authenticity, 13% had non-syph- 
ilitic persistently positive reactions, 7% 
had congenital syphilis, and 40% had 
acquired syphilis. The rates for non- 


% 
32 
21 
17 
19 
10 
nh. 
| 
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syphilitic positive reactions and for con- 
genital syphilis were essentially constant 
with all age groups. The rate for acquired 
syphilis increased progressively with ad- 
vance in years. 

Thus, in one laboratory’s experience, the 
findings of a positive or doubtful response 


Dr. John J. Kobes, Surg. (R), U.$ 
of Dr. J. F. Mahoney, Medical Director, I 
syphilologists for making their records available, 
tics, Columbia University, 


1. BREERMAN, H.: Am. J. MeEp. Scr., 209, 525, 
2. Bureau of Social Hygiene, 
Syphilis Report blank.) 

3. Davis, B. D Medicine, 23, 359, 1944. 
4. Dyar, R.: Ven. Dis. Inform 
5. EaGue, H Am. J. Syph., Gon. 
Guu, D. G., Smita, W. H. Y.., 

. HeERDMAN, R.S Delaware State Med. . 


and Ven. 


9. MaHoney, J. F.: 
10. Merritt, M. H 


New York ag J. Med 


12. Perey, A. J.: Med. J., 
13. Rem, C. R., and Etsspere, E.8.: Am. J 
14. Rigen, I. C., BAKER, W. E., 
15. J. W., 
16. Stoxss, J. H., F., Hi tcHENs, 
17. TURNER, T. B., 
18. VONDERLEHR, R. A., 

. WILLIaAMs, W. 


and Usiiton, L. J. 
>, and Purrer, R. R. 


KAHN 


The majority of patients with positive serology here described were 
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to a Kahn Standard serologic test led t« 


the diagnosis of syphilis in 47%, or less 


than half, of a group of healthy Americar 
men. Weakly positive reactions proved t 
mean syphilis in only 20% of the group 
whereas strongly positive reactions provet 
to mean syphilis in 80% of the group. 


studied and diagnosed by 
serologic battery was performed under the direction 


S. P. H. S. I am indebted to both of these energetic 


and also to Dr. John Fertig, Professor of Biostatis- 


for critical appraisal of the statistical comments in this paper. 
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INTESTINAL PARASITES DIAGNOSED AT AN ARMY GENERAL HOSPITAL 
IN THE SOUTH PACIFIC 


By 2np Lr. Meyer Zarrow, Sn.C., A.U.S. 


AND 


MaJsor Haroup Rirxrn, M.C., A.U.S. 
STH GENERAL HOSPITAL, APO 502 


(From the 443rd Malarial Survey Detachment) 


Wiru the onset of the war in the Pacific 
area, an increase in intestinal parasitic 
infection had been expected by medical 
practitioners, parasitologists, and other 
laboratory workers. Over a period of 
2 years, a large number of patients, who 
have had duty in various islands in the 
South Pacific, have been admitted to a 
general hospital in that area for varied 
clinical conditions. During the course of 
their hospitalization, it has been possible 
to examine a number of these patients for 
intestinal parasites, and ultimately to ana- 
lyze the incidence of both protozoan and 
helminth infections. Further, as a result 
of this work, it has been possible to com- 
pare our results with surveys carried out 
by various workers?**!°.2.13 among per- 
sonnel in different locales in the United 
States, in South America, and in the South 
Pacific. Mumford and Mohr" have, in a 
very excellent tabulation, given the type 
and the distribution of parasites in the 
islands of the South Pacific. We believe 
that our analysis may help in keeping 
this information up to date. 


Material and Methods. Our material is 
base! upon stool studies from soldier pa- 
tients who have spent up to 3 years in the 
varius islands in the South Pacific area. 
The patients varied both in duration and 
degree of exposure and in the islands in 
whic’. they resided. These patients arrived 
irom ther medical installations usually with- 
out « previous laboratory diagnosis. Exam- 
inatin for intestinal parasites were carried 
out these patients because of (a) clinical 
findir suggestive of parasitic infection, (5) 
elevated eosinophil count, (c) fever of un- 
known etiology, (d) previous diagnosis of 
an int-stinal parasitic infection; in this final 
group, some had been given previous therapy. 
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Stool examinations were carried out by 
direct smears using both saline and D’An- 
toni’s iodine.» It was customary to run a 
routine iodine stained smear on every stool. 
Saline smears were made on all fluid stools 
and at least once for each patient, regardless 
of the consistency of the stool. In addition 
to the direct smears, a simplified procedure 
of the Faust concentration method‘ was car- 
ried out routinely. A suspension of a small 
particle of a stool made in zine sulfate (sp. 
gr. 1.180) was filtered through several layers 
of gauze into a shell vial. This vial was 
filled to the top with zine sulfate. A cover- 
slip was then placed over the top of the vial 
and permitted to remain in contact with the 
zine sulfate for 45 minutes. It was then 
removed and placed on a slide and examined 
with the aid of the iodine stain. In addition 
to the above routine procedures, permanent 
smears were obtained in cases of doubtful 
identity. These smears were fixed in 
Schaudinn’s fluid and stained with Heiden- 
hain’s hematoxylin. A further technique 
utilized was a modification of the Baermann 
procedure' for the detection of helminth 
larve. This technique was employed in 
suspected cases of Strongyloides. A large 
particle of the stool was placed in a small 
wire meshed basket lined with gauze. This 
was then placed in a funnel and a volume 
of water added so that the entire stool speci- 
men was just submerged. After incubation 
for 12 to .24 hours, 10 ml. was drawn off, 
centrifuged, and examined for larve. In 
special instances, the swab method of van 
Hofe' was used for the detection of Enter- 
obius vermicularis. Proctoscopic swabs were 
obtained at the discretion of the ward officer 
and sent to the laboratory for examination. 
Direct saline smears were always made from 
these specimens and examined immediately 
for trophozoites. 


Results. (a) Protozoa. This series in- 
volves a total of 4323 stool examinations on 


» 
57, 
10 
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1114 patients, with an average of 3.8 exam- 
inations per patient. Table | reveals the in- 
cidence obtained in this survey. Our results 
for Endameba histolytica (4.99%) are com- 
parable with those of Boeck and Stiles for 
the United States and indicate only a 
slightly higher incidence of amebiasis. 
This figure is definitely lower than the 
value of 8.09% obtained by Markell’® for 
histolytica. 
of the other protozoans compare favor- 


Markell. 


dence for Giardia may be explained by 


The results on the incidence 


ably with those of Low inci- 


the fact that many of these patients have 


received atabrine, which is an effective 
therapeutic agent in giardiasis (Love and 
We should like to point out 


that there is a low incidence for the other 


Tay lor’ 


intestinal flagellates. 
that 
ceptible to atabrine. 


It may be possible 
these forms, like Giardia, are sus- 


PARASITES 
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bility of the presence of this organism as ; 
contaminant. 
During routine microscopic examina 
tions of many specimens of gastric flui 
and bile, several cases harboring parasite 
Two were found with 


Trichomonas hominis, 2 with Enteromona 


were discovered. 
hominis, and with E-mbadomonas intes 
tinalis. One biliary drainage was obtained 
showing tremendous numbers of Giardia 
lamblia. 

(bh) Helminths. The 


minth infections is based on a 


incidence of hel- 
series of 
3415 patients. In this group, a total of 
11,358 stool examinations were carried out 
with an average of 3.3 stool examinations 
The data (Table 2) indicate 


a definitely higher incidence of hookworm 


per patient. 


infection as compared with the reports 
from the United States. We obtained an 


incidence of 13.2% for hookworm as com- 


TABLE 1,—INCIDENCE OF INTESTINAL PROTOZOA OF MAN 
Author Boeck Hopp Rothman Burrows Romeu Markell 
ind Stiles and Laskey 
Locale U.S.A. Indiana Phila So. Ca Brazil So. Pacific So. Pac 
No. patients examined 8029 771 306 205 500 7 1114 
c c oF oF 
Protozoa 
Endameba histolytica 3.1 3.6 10.4 S OY 
Endameba coli 19 6 61.9 16 3 13. 66 25. 
Endolimax nana 13.2 31.0 12.7 12.4 22 .50 19 4! 
lodamaeba biitschlii 9.0 3.8 0.7 3.72 
Dientameha fragilis 2 3 1 60 
Giardia lamblia 6.5 19 10 0 1.9 10 0 1 96 1.5 
Chilomastiz mesnili 3.1 0.7 0.32 U 
Trichomonas hominis 6.1 3.3 0G 40 1 4 
Enteromonas hominis 0.38 0.16 
Embadomonas intestinalis 0 
Isospora hominis 0.37 0 


The 


found in 4 eases of this series. 


coccidian, Tsopora hominis, was 
The patho- 
genicity of this organism is still question- 
able (Magath’). Markell'® points out that 
some 200 cases have been reported in man 
thus far. He found 5 additional cases in 
his series, of which only 1 showed effects 
In the 
present series 2 patients presented J. hom- 
Of these 2, 1 
The 


other case presented no intestinal dis- 


of parasitism, namely dysentery. 


inis as a single infection. 
had a mild diarrhea and enterocolitis. 
turbances. In all instances the odcysts 
were found present in the stools on 3 to 
5 examinations, thus ruling out the possi- 


pared with 3.9% obtained in the surve) 
of Boeck and Furthermore, our 
results are higher than those of Markell’s 
survey from the South Pacifie and slight] 
lower than 


Stiles. 


Romeu’s figure of 14.6% for 
Necator americanus in a tropical area ol 
Brazil. In this study hookworm infections 
are as frequent in soldiers from the north- 
ern states as from the southern states 
Consequently, we feel that the incresse 
the S itl 
In 3 instances, adult hookworms 
were recovered from the stools and _ thi 
In all 3 ec: ses 


it was found to be Ancylostoma duode ale 


parasitism was acquired in 


Pacific. 


species was determined. 
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Heterodera radicicola (marioni) is a com- 
mon plant parasite. According to Craig 
and Faust,’ this nematode has been re- 
ported in man, but there is no evidence 
that it is a true parasite in the human. 
[In the present series, 6 cases were obtained. 
In all instances, with | exception, //. radi- 
cola was associated with multiple para- 
sitic infection. Clinical findings were not 
associated with the presence of this or- 


ganism. 
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the zine sulfate flotation method on all 
stools, only 65.8% were positive at the 
first examination, 88.4% were positive at 
the third examination and 95.1% were 
positive at the fifth examination. 

The data in Table 4 are self-explana- 
tory and indicates the number of multiple 
infections. 

One instance of intestinal myiasis was 
The fly larvee were recovered 
from the stools and identified as Sarco- 


obtained. 


TABLE 2.--INCIDENCE OF INTESTINAL HELMINTHS OF 
Author Boeck and Hopp Burrows tomeu Markell Present 
Stiles study 
Locale U.S. A. Indiana So. Car. Brazil So. Pacifie So. Pacifie 
No. patients examined 8029 771 2055 2500 1371 3415 
He 
Hookworm 3.9 $5 14.6 S 46 13. 20 
huris trichiura 0.3 OS 20.5 2.12 2 40 
Strongyloides stercoralis 01 3.2 O.8 S 6 1.38 1 50 
iscaris tumbricoudes 11 14 19.5 0.37 0.67 
Enterobius vermicularis OS 7.4 05 0 07 0 41 
Hymenolepis nana 0.5 0.1 0.5 0 07 0.23 
Schistosoma mansonia $0 
H radicicola 1S 
1 sagina 0 O7 
] 0 03 
PABLI ANALYSIS OF THE NUMBER OF EXAMINATIONS REQUIRED FOR A POSITIVE 


LABORATORY DIAGNOSIS OF 


Increase in No 
N new positives 
t each examination 


ingle case of teeniasis was discovered, 
but further identification was impossible 


as lo segments were recovered. In 1 case 
ma larvee of Strongyloides stercoralis 


wer’ obtained during biliary drainage. 

juestion that interested us was to 
nine the number of examinations 
req red before a negative diagnosis may 


epted. For this study, we decided to 


use 1e hookworm data (Table 3). In a 
seri of 165 patients, 76.3% were positive 
with only 1 examination, while 3 exam- 
nat: ns gave 95.1% positive. After 5 ex- 
amin tions, 99.3% were positive. In a 
‘imi » survey on an earlier group of men, 
duri which time we were unable to use 


165 Patients INFECTED HookworRM 


Positive diagnosed 


with successive 


Total No stool examinations 
positive % 

126 76.3 

14S SY 6 

157 95 1 

162 98 

164 99 3 

165 100 0 


phaga sp., which has already been describ- 
ed in the literature as one of the etiologic 
agents of intestinal myiasis (Lyon and 
Mizelle®). 

Summary. |. A survey was made for 
intestinal parasites in soldier patients 
(15,681 examinations) from an Army 
General Hospital located in the South 
Pacific area. 

2. The incidence of protozoan infection 
in 1114 patients is 4.9% with Endameba 
histolytica; 25.1% with Endameba colt; 
19.4% with Endolimax nana; 4.1% with 
Todameba_ biitschlii; 1.5% with Giardia 
lamblia; 14% with Trichomonas hominis; 


1.2% 


with Enteromonas hominis; 0.28% 


( 
| 
f hel- 
ot 
Preset 
Pacif 
1114 
% 
19 4! 
1 l 126 
15 3 9 
Q 2 5 
14 5 2 
6 
0 
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TABLE 4,—MUvtLTIPLE Parasitic INFECTIONS y 
Double Infections r 
E. coli and E. nana 34 
E. coli and hookworm 2 ” 
E. coli and £. histolytica 9 
E. coli and I. biitachlii 7 9 
E. coli and T. trichiura 5 | 
E. coli and S. stercoralis 2 - 
E. coli and H. radicicola l 
E. coli and C. mesnili l 1, 
E. coli and G. lamblia l 
E. nana and hookworm 10 ( 
E. nana and E. histolytica 6 ( 
E. nana and T. trichiura 5 0 
E. nana and biitschlii 
E. nana and T. hominis 2 
E. nana and E. hominis 2 
E. nana and G. lamblia l 
E. nana and S. stercoralis l C 
I. biitschlit and hookworm 
I. biitschlii and E. histolytica 3 
I. biitschlii and G. lamblia l 
I. biitschlii and hominis | 
E. histolytica and hookworm 2 
E. histolytica and C. mesnili l 
E. histolytica and E. hominis l 
E, histolytica and G. lamblia | 
G. lamblia and hookworm 1 
T. hominis and hookworm 3 ’ 
T. hominis and E. vermicularis l 
T. trichiura and hookworm 3 
T. trichiura and S. stercoralis 2 
T. trichiura and H. radicicola l 
T. trichiura and A. lumbricoides l 
Hookworm and S. stercoralis 3 ’ 
Hookworm and H. radicicola l 
Triple Infections 
E. coli, E. nana and hookworm 7 
E. coli, E. nana and E. histolytica 6 
E. coli, E. nana and I, biitschlii 5 ; 
E. coli, E. nana and C. mesnili 
E. coli, E. nana and T. hominis 1 1 
E. coli, E. nana and T. trichiura 1 
E. coli, I. biitschlit and E. histolytica 2 P 
E. coli, S. stercoralis and hookworm 2 4 
E. coli, E. histolytica and hookworm 2 
E. coli, E. histolytica and C. mesnili 1 I 
E. coli, E. histolytica and E. hominis 1 
E. coli, I. biitschliit and S. stercoralis 1 
E. coli, E. histolytica and H. radicicola l 
E. coli, T. trichiura and hookworm | 
E. coli, I. hominis and T. trichiura l 
E. coli, H. nana and hookworm 1 
E. coli, H. radicicola and hookworm 1 
E. nana, 7. trichiura and hookworm 3 
E. nana, S. stercoralis and hookworm 3 
E. nana, T. hominis and hookworm 
E. nana, T. hominis and G. lamblia l 
S. stercoralis, T. trichiura and hookworm l 
Quadruple Infections 

E. coli, E. histolytica, S. stercoralis and hookworm 
E. coli, E. histolytica, E. nana and hookworm 
E. coli, E. histolytica, E. nana and I, biitschlii 
E. coli, E. histolytica, S. stercoralis and T. trichiura 


. coli, E. nana, G. lamblia and H. radicicola 

. coli, I. biitschlii, E. hominis and T’. trichiura 

. coli, S. stercoralis, E. intestinalis and hookworm 
. nana, I, biitschlii, I. hominis and hookworm 


&& 
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with Chilomastix mesnili; 0.35% with Iso- 
ora hominis; and 0.35% with Embad- 
onas intestinalis. 

3. The incidence of helminth infection in 
ALS patients is 13.2% with hookworm; 
24% with Trichuris trichiura; 1.5% with 


trongyloides stercoralis; 0.67 % with Ascaris 
lumbricoides; 0.41% with Enterobius vermi- 
cularis; 0.25% with Hymenolepis nana; 
O.1IS% with Heterodera radicicola; and 
0.03% with Tenia sp. 

The incidence of hookworm in the 
present survey is higher than those re- 
corded on the surveys from the United 
states. 


5. Recovery of adult hookworm in 3% 


cases showed the species to be Ancylostoma 
duodenale. 

6. Analysis of the data on 165 cases of 
hookworm showed that 76.3% were posi- 
tive after | examination; 95.1% were posi- 
tive after 3 examinations and 99.3 % after 
5 examinations. 

7. It is suggested that atabrine pro- 
phylaxis commonly used in this area ex- 
plains not only the low incidence of 
Giardia, but also the low incidence of the 
other intestinal flagellates. 

8. Four new cases of Isospora hominis 
are noted. 

9. One new case of intestinal myiasis, 
due to Sarcophaga sp. is reported. 
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EFFECT OF GRADED DOSES OF THYROXIN ON EXPERIMENTAL 
GOITERS, INDUCED BY PROMIZOLE* 


By M. Pu.D. 


AND 


OLIVE R. JONESON, B.S. 


RESEARCH ASSISTANT, DIVISION OF EXPERIMENTAL MEDICINE 
ROCHESTER, 


THe thyroid stimulating effect of the 
more recently identified iodine resistant 
goitrogens is thought to be due to the 
inability of the thyroid gland to synthe- 
size thyroxine at levels adequate to main- 
tain normal metabolism.'! This reduction 
of available thyroid hormone presumably 
permits an increase of the elaboration of 
thyrotropic hormone by the anterior lobe 
of the pituitary, resulting in the produc- 
tion of the goiters. Thyroxin, when pro- 
vided parenterally during the time the 
goitrogen is given, will completely prevent 
the thyroid changes. Three to 10 ug. 
daily prevented thyroid changes in ani- 


mals fed a Brassica seed diet." Goiters 


0 


produced by sulfaguanidine’’ were entirely 
prevented by giving thyroxin at a level of 
1 wg. for each 10 gm. of body weight. 
Thyroid hyperplasia was abolished by 
the addition of 1% of thyroid powder to 
the diet of animals which were given sulfa- 
guanidine* and was effectively prevented 
by giving 5 wg. of thyroxin daily to ani- 
mals which were given thiouracil.4 Be- 
tween 2 and 3 yg..of thyroxin daily pre- 
vented thyroid enlargement in both male 
and female chicks receiving 0.1% of thio- 
uracil in their diet for 14 days. Changes 
similar to those seen in cretinism, which 
were induced in young rats given thioura- 
cil, were prevented by administration of 
thyroxin.® Metabolic rates were returned 
to normal in animals receiving thiouracil 
by the daily injection of 4.75 ug. of d,1- 
thyroxin, while 4.8 wg. were required to 
return the weights of the thyroid glands 
to normal levels." 


* Promizole (4,2’-diaminophenyl-5’-thiazolyl sulfone) was made available for this study throug 
A. Sharp and L. A. Sweet of Parke, Davis & Co 
+t Made available for our use through the courtesy of Dr. E. ( 


courtesy of Drs. E 


Minnesota. 


MAYO FOUNDATION 


MINNESOTA 


Promizole, a sulfone shown to exert a 
favorable influence on experimental tuber- 
culosis, is likewise goitrogenic.6* The 
thyroid hyperplasia observed in animals 
given promizole could not be prevented 
by giving large amounts of iodine but was 
completely controlled by giving thyroxin 
Furthermore, the hyperplasia of the thy- 
roid gland did not occur in animals, pre- 
viously hypophysectomized, when given 
the goitrogen.’ Data suggest the conclu- 
sion that promizole, like the thiourea de- 
rivatives, exerts its influence by inhibit- 
ing the synthesis of thyroxine resulting 
in an increased elaboration of thyrotropic 
hormone by the anterior lobe of the 
pituitary. 

This 


study undertaken to determine the amount 


report covers the results of a 


of thyroxin necessary to prevent the 
changes of the thyroid gland which promi- 


zole will induce in animals. 


Method. Forty young male rats having 
an average weight of 65 gm. were selected 
for this study. They were arranged into 
8 groups of 5 rats each. Five were fed the 
standard ration (Friskies) without the goitro- 
gen, constituting Control Group 1. Fiv 
ate the ration to which promizole had bee! 
added at a level of 0.5% and constituted 
Control Group 2. The animals of the 6 re- 
maining contal 
promizole but were given, intraperitone 
solutions of d,l-thyroxint containing the 
lowing daily amounts: 1, 2, 4, 6, 8 
The experiment 


groups ate the diet 


10 ug. respectively. 
tinued for 28 days. 

At the end of this test period the ox 
consumption of each animal was rec 


Kendall, Mayo Clinic, Roc! 
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EFFECT 


OF DOSES OF 


THY ROXIN 


and the average metabolic rate was com- 


puted in calories per square meter per hour, 
method previously described.* 
Samples of blood were taken from the heart 
animal and, using standardized 
pipets, the total red and white cell counts 
determined. Using the Van Allen 
hematocrit tubes, red cell volumes in cubic 
microns were determined and the grams of 
hemoglobin per 100 ec. of blood were read 
on the Cenco-Sheard-Sanford hemoglobin- 
ometer. Differential distributions of the 
leukocytes were determined from smears 
appropriately stained. 

The thyroid and pituitary glands were 
removed from etherized animals, weighed 
on a precision balance to 0.1 mg. and fixed 
in formalin. Thyroids were sectioned at 
3 microns and stained with hematoxylin and 
Using an oil immersion lens (X 90) 
and a 6 & ocular with an echelon microm- 
eter scale, the heights in microns of 200 thy- 
roid acinar cells were measured for each 
animal in Control Group 1 and 100 acinar 
cells were measured for Control Group 2 
and for each test animal which had received 
thyroxin. The means with their probable 
errors were computed. 


using the 
of each 


were 


eosin. 


ON 
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Results. The daily administration of 
thyroxin to the promizole fed rats did 
not the toxic effects of the 
drug, so as to induce increased or normal 


rates of growth (Table 1). 


counteract 


The data on the average oxygen con- 
sumption of the animals are condensed 
into Table 2 and graphically shown in 
Figure 1. Promizole (Control Group 2) 
decreased the metabolic rate during the 
28 days, 19.7% below that of the normal 
Control Group 1. Two ug. of thyroxin 
daily kept the metabolic rate 10.4% 
higher than that of Control Group 2 but 
11.8% below the normal Control Group 1. 
Four ug. of thyroxin daily maintained an 
oxygen consumption equal to that ob- 
served in animals of Control Group 1. 
Six yg. daily raised the rate significantly, 
but only slightly so; while 10 ug. per 
day induced a real increase of the amounts 
of oxygen consumed (Table 2). 

Daily administration of thyroxin to 
rats eating the promizole ration, lessened 
the extent of hyperplasia of the thyroid, 


TABLE 1.—THyYROID AND PirurTaRY GLAND WEIGHTS OF ALL ANIMALS AT THE END OF 
THE EXPERIMENT 
Thyroid wt. (mg.) Pituitary wt. (mg.) 
body wt. daily Per 100 gm. Per 100 gm. 
G (gm.) (ug) Absolute body weight Absolute body weight 
Ce 145.6 0 9.2+04f 6.3+0.3 3.5+0.1 
1 2 91.0 0 30.5 +2.0 33.5+1.0 4.8+0.3 §6.2+0 3 
Test 1 97 6 1 17.5+2.2 17.7+1.9 3.4+0.2 3 5+0.1 
Test 2 76.8 2 91+04 11.8403 2440.1 3.1+0.1 
Tes 80.1 4 7.20.2 9 0+0.4 2.6+0.1 3.2+0.1 
les 83.0 6 8.7+0.5 10.1+0.4 3.2+0.2 3.8+0.2 
Test 89 2 6.9+0.3 7.6+0.1 3.00.3 3.4+0.1 
Tes 86.0 10 7.7+0.3 8 9+0.3 2.8+0.2 3.2+0.3 
* ich group contained 5 rats. + Probable error of the mean. 
TABLE 2.— MEAN OXYGEN CONSUMPTION 
Mean oxygen 
Thyroxin consumption Difference 
daily (calories per — on —— 
Group (ug.) sq. m. per hr.) Calories % 
‘ontrol 1 0 44.2+0.7* 
ontrol 2 0 35.521.3 -8.7+1.5f —19.7 
Test 2 2 39.2+1.3 3.7 #1 .8f 10.4 
Test 3 4 46.1+1.8 10.6+2 29.9 
est 4 6 56.5+2.5 21.0+2 8t 59.2 
est 5 50.8+0.6 15.3+1.4f 43.1 
est 6 10 58 9+0 7 23 .4+1.5f 65.9 
* P \bable error of the mean. 
t ¢ trol Group 2 — Control Group 1. 
tf .pective test group — Control Group 2. 
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as had been anticipated (Table 1). Promi- 
zole in the diet (Control Group 2) pro- 
duced goiters with a relative weight more 
than 5 times, and an absolute weight 
more than 3 times that of the thyroids in 
the normal Control Group 1. One ug. of 


thyroxin daily restricted the thyroid 


hyperplasia to about a half, and 2 ug. 


JONESON: 
animals (Table 1) were of interest in tha 
the administration of the thyroid hormone 
did result in maintaining smaller pituitar- 
Even in small 
inhibit 
pituitary changes so that both absolute 
and 


ies in promizole fed rats. 
amounts thyroxin appeared to 
relative weights were significant], 


less than the average pituitary weights in 


[ 


4 


Dosase of thyuroxin -— microgram: 


Changes in calories per square meter per hour recorded at the et 


6 LO 


per aau 


Nort 1] 


d of the experiment. 


data were obtained from Control Group 1 


to about a third of that observed in ani- 
mals not given supplementary hormone. 
Four yg. of thyroxin daily reduced the 
weights of the thyroids considerably below 
the average weight in the normal control 
animals. Larger amounts did not further 
reduce the average thyroid weights. Mere 
shreds or residues of colloid remained in 
acini of thyroids which had been sub- 
jected to the influence of 
(Fig. 2). Thyroxin this 
effect. One yg. per day greatly lessened 
these changes in the colloid patterns and 
9 


promizole 
counteracted 


2 ug. per day completely nullified them 
(Fig. 3). 

Both the and the relative 
weights of the pituitary glands of these 


absolute 


animals which received the goitrogen but 
were not given the hormone. 

The measurements of the thyroid acinar 
cell heights have been condensed _ into 
Table 3. 


these data within 4 of the 8 groups are 


The percentage distributions of 
shown in Figure 4. According to Figure 5, 
a daily amount of the hormone equal to 
about 1.75 ug. was sufficient to prevent 
any increase in size of the cells comprising 
the thyroid epithelium. 

The data assembled from heart samples 
of blood are condensed into Tables 4 and 5 
Promizole induced a slight anemia, with 
lowered red cell counts and increased red 
cell volumes, but the hemoglobin levels 
were not This 


significantly reduced. 
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EFFECT OF DOSES OF THYROXIN ON 
standard ration provides very much more 
protection to animals receiving promizole 
than do purified rations fortified by the 
better known vitamin B fractions. The 
average total leukocyte count, however, 
was greatly reduced from control levels in 
all animals given promizole. 

\lthough there were trends to suggest 


GOITERS, INDUCED BY PROMIZOLE 297 
that thyroxin may have had some effect 
in counteracting the destructive influence 
of promizole on the red cells, yet the data 
are not too impressive. Certainly the 
hemoglobin levels were not significantly 
altered by administration of thyroxin and 
the leukopenia observed to accompany 
the feeding of promizole in this experiment 


2.— Histologic appearance of thyroid glands. 
b, Control Group 2, 


a, Control Group 1, which did not receive promizole. 
which received promizole in the diet at a level of 0.5% in ration..- 


Fig Histologic appearance of thyroid glands. 
b, Test Group 2, which received promizole and 2 yg. of thyroxin daily. 


. of thyroxin daily. 


a, Test Group 1, which received promizole and 
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was not corrected by giving thyroxin 
(Table 4). But a study of the differential 
distribution data showed a reaction of the 
neutrophilic granulocytes to thyroxin that 
would seem to 
(Table 5). 


to 


warrant further study 
Significant elevations were ob- 
the of 


granulocytes in the blood of all animals 


served occur in percentages 
which received 2, 6 or 8 ug. of the hormone 
daily. Among animals receiving 10 ug. 
daily, the scatter of the data rendered a 
satisfactory deduction impossible. Signifi- 
the 


eosinophilic or basophilic granulocytes did 


cant changes in the monocytes or 


not occur in the hormone treated animals. 
Comment. The 
tained by young animals given promizole, 


toxic reactions sus- 


particularly anorexia and failure to grow 
normally, were not prevented by giving 


JONESON: 


Thiouracil, given subcutan 


ously,® inhibited the growth of young rats 


thyroxin. 


but when thyroxin was given the normal 
Since thy- 
roxin was without effect on the growth of 


growth rates were restored. 


our promizole fed animals, retardation of 
development was obviously not due to a 
deficiency of thyroid hormone. 

The decline of the rate of oxygen con- 
sumption, however, was the result of a 
thyroid hormone deficiency, for the ad- 
ministration of the hormone at the level 
of 2 


amount of oxygen consumed. 


g. daily exerted some effect on the 
Slightly less 
than 4 ug. daily was adequate to prevent 
any decline of the metabolic rate from the 
level of Control Group 1. These data on 
the rapid decline of oxygen consumption 
are in keeping with those observed when 


TABLE 3.—THyYROID AcINAR CELL HEIGHTS 
Thyroid acinar 
daily cell height 
Group Diet ug u 
Control 1 Standard 0 4. 61+0 04* 
Control 2 0.5% promizole 0 11.90 +0.10 
Test 1 0.5% promizole l 8 .00+0.10 
Test 2 0.5% promizole 2 3.10 +0.02 
Test 3 0.5% promizole 4 2.70+0.02 
Test 4 0.5% promizole 6 2.70+0.02 
Test 5 0) 5% promizole Ss 2 80+0 03 
Test 6 : 0.5% promizole 10 2.70+0.03 
* Probable error of the mean. 
raBLE 4.—BLoop VALUES OBTAINED FROM SAMPLES OF HEART BLOOD aT THE END OF 
THE EXPERIMENT 
Ervthroecvtes 
Thvroxin Hemoglobin Leukoe 
daily Mill. per Volumes gm. per 100 ce. thous 
Group (ug.) c.mm.) Cp) of blood) c.mm 
Control 1 0 7.8+0.1* 9+1 2 15.3+07 
Control 2 0 6.7+0.3 60.1+0.1 13.1+0.5 5.9+0 4 
Test 1 9 9+1.3 14.5+0.5 7.5208 
Test 2 2 7.3+0.2 55.0+1.1 13.3=0.2 5.4+0 6 
rest 3 4 7.4+0.2 51.0+1.1 11.9+0.5 3.7+0 3 
Test 4 6 6.9+0 2 57 .422.4 11.9+0.6 72+()8 
Test 5 7.9+0.2 4i8.9+1.3 12.6+0.5 §.§+1.9 
Test 6 10 7.56+0.2 54.2+0.7 13. 8+0.2 


Probable error of the mean. 


PaBLe 5.— DIFFERENTIAL DISTRIBUTION OF 


Thyroxin 


daily 

Group ug.) Lymphocytes 
Control 1 85 .7 =1.3* 
Control 2 : 0 82.0+1.4 
Test 1 1 84.2+1.4 
Test 27 2 77 .0+3.5 
Test 4 6 64.0+5.2 
Test 5. 8 63.0+1.4 
Test 6 10 2 


* Probable error of the mean 


LEUKOCYTES 


t Data on Test Group 3 not obtained. 


AT THE END OF THE EXPERIME> 
Granulocytes 
Monocytes Ne itrophilic Eosinophilic Bas 
2.1 11.7+0.4 0.3 02 
1.5 14.2+1.4 1.8 09 
0.9 13.2+1.0 1.2 Co 
0.8 21.2=1.9 0.6 0 4 
3.3 30.6 2.5 
1.5 35 .O+2 0.5 
1.0 23.5+10.6 1.0 ) 
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Prpomizole + 


NICPOOPans 


Control 
(No omizol« ) 


LINGO 


Promizole + 


1 microgram thuroxin daily 


fi 
/ : Promizole 
| 


Acinar cell heights in microns 


Percentage distributions of the heights of the thyroid acinar cells in 4 groups of animals: 
Control Groups 1 and 2; Test Groups 1 and 2. 


S 
10 
Average thy oid weights 
Average acinar cell heights 
8 
6g 
S lopma 
\ Normal 40 
) 
)* O 
1 & 6 10 
Dosage of thyroxin -micrograms per day 
c » 
I 5.—Changes in the weights of the thyroid glands and the heights of the thyroid acinar cells in 
ar s which received promizole and in those which received promizole together with graded doses 
of oxin deily. Normal data were obtained from Control Group 1. 
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sulfaguanidine was given." Reineke, Mix- 


ner and Turner" lowered the metabolic 


rate 23.7% when thiouracil was provided 
in the drinking water at a level of 0.1% 
for 14 days. These rates were returned 
to normal by the daily injection of 4.75 yg. 
of d,1-thyroxin. 

The protection afforded by thyroxin to 
the colloid bodies of animals given promi- 
Promizole, like other 
goitrogens, produces changes in the metab- 


zole is of interest. 


olism of the thyroid gland resulting in the 
atrophy or destruction of its colloid re- 
reserves. Whereas 1 yg. of thyroid hor- 
mone appeared to provide some protection 
to the colloid bodies, 2 ug. provided com- 
plete protection. The homogeneous ap- 
pearance of the colloid was retained; its 
The 


reasons for the retention of normal colloid 


staining qualities were preserved. 


in thyroid glands of animals receiving 
promizole when provided adequate blood 
thyroxin levels are not clear. Since the 
metabolism of such animals 


basal was 


increased when the hormone was given, 
the thyroid cell, in the presence of an ade- 


level of blood 


thyroxin, may retain its selective function 


quate or even increased 
for metabolizing iodine and synthesizing 
thyroxin. There is need, it would seem, for 
a study of the capacity of the hyperplastic 
thyroid to take up radio-iodine in the 
presence of normal or increased blood levels 
of thyroxin. 


We that the blood 


promizole were progressively lower in ani- 


learned levels of 
mals into which thyroid hormone was in- 
jected at the levels which ranged from 
1 to8 ug. The average concentrations of 
promizole in the blood stream of the Con- 
trol Group 2 animals and in the blood of 
those receiving 1 ug. of thyroxin daily 
were statistically alike, ranging from 6.6 
to 15 mg. per 100 ce. of blood (average 
9.2 mg. per 100 cc.). The average concen- 
trations of promizole in the blood of the 
remaining groups of animals were as fol- 
lows: 2 ug. of thyroxin, 8.2 mg. per 100 cc. ; 
4 ug., 7.5 mg. per 100 cc.; 6 ug., 5.8 mg. 
per 100 cc.; 8 ug., 3.7 mg. per 100 cc.; 
and 10 ug., 6.3 mg. per 100 cc. Increased 
rates of metabolism induced by the added 
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daily amounts of thyroxin may hav 
facilitated the more rapid destruction o 
elimination of the drug and may serve ti 
explain the absence of the colloid damage 

A more probable explanation for th: 
retention of normal colloid bodies in rat 
treated with thyroxin and fed promizol 
the 


blood thyroxin level no demands wer 


is that in presence of an adequate 
made on the colloid for thyroid hormone 
The colloid bodies thus remained unex- 
hausted and their usual thyroxin reserve 
It is evident that 1 ug 
daily was insufficient to meet the body re- 


remained intact. 


quirements, so that some demands were 
made on these colloid reserves. The inabil- 
ity of the thyroid cells to replace them 
resulted in the atrophic colloid pattern 

When 2 ug. were given daily, the bodil: 
requirements were met and there were no 
demands made on the thyroid for thyroid 
hormone, so that normal colloid patterns 
well be 
drawn that the requirement of thyroxin 


persisted. The conclusion may 
by rats of this age, as used in this experi- 
ment, was about 2 ug. per day. 

In our experience with animals to which 
promizole was fed or into which it was 
injected, real increases of the weights of 
the pituitary glands occurred during the 
production of the goiter. This fact may 
be correlated with an increased elabora- 
tion of the thyroid stimulating hormon 
Observations elsewhere have contributed 
that increases of the 
relative numbers of basophilic cells did 
occur in the pituitaries of animals made 


to the conclusion 


goitrous by sulfaguanidine.!® On the other 
hand, changes of the microscopic structure 
of pituitaries of animals made goitrous by 
Pituitaries 
of animals made goitrous by a rapeseed 


thiouracil were not observed. 


diet, however, were reported to contain 
an increased number of basophilic ce!ls 
with degranulation of the acidophilic cells.’ 

Whether or not the increased relative 
weights of the pituitaries of our animals 
made goitrous by promizole were related 
to changes of the content or the output of 
thyroid stimulating hormone, such incre:s- 
ed weights did not occur when thyrorin 


was administered. Even 1 ug. of thyroxin 
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per day maintained relative weights and 
larger amounts of the hormone actually 
reduced the absolute weights of the pituit- 
ary glands. The decline of pituitary gland 
weights was probably dependent on the 
size and the extent of hyperplasia in the 
developing goiter. When normal thyroid 
gland weights and normal histologic pat- 
terns were maintained by the injection of 
2 ug. of thyroid hormone daily, the weights 
of the pituitary glands were likewise re- 
duced. Accordingly, 2 ug. of thyroxin per 
day, or perhaps an amount slightly less, 
will maintain in rats eating a standard diet 
containing 0.5% of promizole for 28 days, 
a normal thyroid gland, with normal or 
subnormal acinar cell heights, and normal 
appearing colloid bodies, together with 
pituitary glands of normal or subnormal 
weights. 

Conclusions. 1. The administration of 
d,l-thyroxin, in amounts ranging from 1 
to 10 wg. daily, to young rats during a 
period of 28 days, while they were fed a 
diet containing the goitrogen, promizole, 
at a level of 0.5%, did not inhibit the usual 
untoward effects which promizole normally 
exerts on the growth, appearance and appe- 
tite of immature animals. 

2. As hitherto shown, promizole de- 
ressed thyroid activity. In this experi- 
ent the average metabolic rate of animals 
en promizole in their diet for 28 days 
was lowered 19.7 % from that recorded for 
e normal control group. Two ug. of 
\-thyroxin daily increased the average 
te 10.4% above that of the control group 
iich received promizole alone, while 4 yg. 
iintained an average oxygen consump- 


tion equal to that recorded for the animals 
which did not receive either thyroxin or 
promizole. 

3. Promizole exerts a thyroid-stimulat- 
ing influence through the pituitary gland, 
which, in this experiment, resulted in the 
development of goiters weighing more than 
3 times the average weight of the thyroid 
gland in control animals. The administra- 
tion of 1 ug. of d,l-thyroxin daily resulted 
in the development of goiters which were 
but slightly less than twice the normal 
size, while 2 wg. daily resulted in maintain- 
ing thyroid glands of normal weights. 

4. The heights of the thyroid acinar 
cells were maintained at normal or less 
than normal levels by giving 2 yg. of -d,1- 
thyroxin daily. Without any supplemen- 
tal thyroxin, the average acinar cell height 
was more than twice that of the normal 
gland, while | ug. of thyroxin was adequate 
to maintain an average cell height con- 
siderably less than twice that of the nor- 
mal thyroid gland. 

5. The changes observed in the colloid 
of thyroid acini which were induced by 
promizole were partially prevented by 
1 wg. of thyroxin per day and were com- 
pletely nullified by giving 2 yg. daily. 

6. Promizole appears to exert its goiter 
stimulating effect by preventing the synth- 
esis of thyroxin by the thyroid cell, there- 
by permitting an increased elaboration of 
thyroid stimulating hormone by the ante- 
rior lobe. By the administration of small 
amounts of thyroxin daily during the time 
the goitrogen was provided, thereby main- 
taining adequate blood levels of thyroxin, 
normal thyroid glands were maintained. 
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IN a previous communication (Stern, 
Hinds and Askonas'), it was demonstrated 
that hippuric acid synthesis is impaired 
in higher age. 
that 


The original purpose of 
investigation was to determine the 
detoxifying capacity of the aging organ- 
ism, particularly during psychoses of the 
higher age There is a striking 
similarity between certain senile psychotic 


group. 


episodes and delirious psychoses produced 
by exogenous toxins during other periods 
of life. On the basis of this clinical fact, 
it had been assumed that the capacity to 
detoxify certain metabolites is reduced in 
old age. 

Only hippuric acid synthesis was stud- 
ied, because it is the only test which has 
been sufficiently evaluated quantitatively 
for clinical purposes. This test was found 
to be markedly impaired in the group of 
patients examined. Of patients of 60 years 
or more, 80% were shown to excrete less 
than 0.85 gm.; the 5 cases diagnosed as 
senile from 0.18 to 
This impairment was very mark- 


dementia ranged 
0.7 gm 
ed compared with observations on men- 
tally and physically normal old people 
(Rafsky and Newman’). 

However, the test is an index of 2 func- 
tions: the conjugating power of the liver 
and the capacity to furnish glycine (by 
synthesis or by mobilization). Therefore 
an attempt was made to determine as to 
which one of these factors was impaired 
in the aged. the ad- 
ministration of glycine during the test. 
A similar procedure has been carried out 
before in 


This was done by 


patients with liver diseases 
(Probstein and Londe') by the oral sodium 


benzoate test. 


Subjects. Twelve patients with senile o1 
pre-senile conditions ranging from the age 
of 58 to 92 were examined. As controls 
6 healthy adults were used and 4 adults of 
faulty dietary habits. One of the latter was 
a woman of 56 who suffered from a peculiar 
anxiety state with anorexia. NPN, blood 
cholesterol, blood sugar and, in the senile 
cases, the albumen/globulin ratio were deter- 
mined in order to exclude cases with gross 
metabolic disorders 

Method. A test was carried out on 3 con 
secutive days. On the Ist and 3rd day 
Quick’s intravenous hippuric acid test was 
carried out in the usual manner, witl 
1.77 gm. of sodium benzoate. On the 2nd 
day glycine was added in the following way 

The subject was given 1 gm. of glycin 
as a 10°% watery solution } hour before thi 
injection of sodium benzoate. One gm. of 
glycine was given orally at the time of th 
injection; 4 hour after this another gram of! 
glycine was administered. Before the in 
jection and 1 hour following it the urin 
was collected. In the old patients this was 
done under the supervision of physician an 
nurse, and in some cases by catheterization 
Each subject was given 2 tumblers of wate 
before the injection to assure a sufficient 
output of urine. Hippuric acid was deter 
mined according to Quick.? 


Results. The results are presented 1) 
2 graphs and in Table 1. 

The 6 normal control cases show tha 
the hippuric acid values on the Ist an 
3rd day correspond to the normal cas¢ 
given by Quick and do not differ mor 
from one another than 0.2 gm. An add 
tional oral administration of glycine « 
the 2nd day increased the hippuric aci 
output by 0.14 to 0.28 gm. in all bi 
1 case. 
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Ten out of 12 senile cases showed a 
low hippuric acid synthesis to begin with. 
In 9 out of these 10 the hippuric acid 
output was raised by glycine feeding; in 
5 eases by 0.3 gm. or more, t. ¢., more 
than had been seen in the normal control 
subjects. In 6 out of these 9 the increase 
led to a normal level of hippuric acid 
excretion (0.85 gm. or higher). 

In the second line of Figure 2 there are 
t control cases of individuals with faulty 
dietary habits. All suffer from anorexia 
of a psychologic origin, one was a textbook 
case of anorexia nervosa. One of these 
patients showed a finding unique among 
the-entire investigated group, 7. e., a de- 
pression of the hippuric acid excretion 
during glycine administration. 

Discussion. From these experiments it 
is obvious that in most senile cases the 
impairment of hippuric acid synthesis is 
only partly or not at all due to faulty 
conjugation. Otherwise we could not ex- 
plain why exogenous glycine could improve 
the mechanism. In fact, 2 cases with 
conspicuously low values were raised to 
normal; this is particularly interesting 
because in animal experiments with N iso- 
opes exogenous glycine, even when fed 


in excess, supplied only one-third of the 
hippuric acid glycine (Rittenberg and 
Schoenheimer*): However, it was not 
possible to explain what factor determines 
the various patients’ individual patterns. 
An attempt was made to correlate the 
difference between the glycine-free days 
and the 2nd day with various data such 
as the patient’s weight-height index, dy- 
namometer readings, and diet history; but 
no such correlation could be found. 
However, although no correlation could 
be found with the patients’ diet history, 
the phenomenon seems nevertheless to 
reflect on the nutritional state; for we saw 
a similar pattern in those otherwise 
healthy young individuals with anorexia 
(Fig. 2, Case SC and McC). In fact, the 
increase produced by glycine feeding in 
those cases is remarkable. Two values 
were raised by 0.67 and by 0.71 gm. respec- 
tively. Among these cases, however, there 
was one with a peculiar inverted reaction; 
in this case (CAN) the hippuric acid ex- 
cretion was depressed with the adminis- 
tration of glycine. Errors in the collection 
or determination were excluded. It is 
impossible to explain this phenomenon 
but it is noteworthy that the same patient, 


TaBLe 1.—Hippurtc Acip VALUES 
Hippuric 
Average acid (gm.) 
Ist + 3rd Deviation excretion 
test of between following 
hippuric Ist + glycine 
Wt acid test adminis- Increase 
N Name Sex Age (Ib.) Ht Diagnosis gm.) (gm.) tration (gm.) 
HI M 28 186 6/3” Normal 1.39 1.30 —0.09 
2 ME I 30 120 5’4” Normal 1.04 +0 .03 1.32 +0.28 
3 BO M 29 200 6'1” Normal 1.40 +0.05 1.62 +0.22 
4 RO I 26 130 5’4” Normal 1.10 +0.10 1.36 +0.26 
) NO M 27 168 6’ Normal 1.10 +(). 02 1.36 +0.26 
6 CR M 24 150 6’ Normal 1.25 +0.01 1.39 +0.14 
7 S¢ I 29 85 5’1° Anorexia nervosa 0.81 +0.09 1.52 +0.71 
8 Met I 56 86 Anxiety state with 0.83 +0). 01 1.50 +0. 67 
anorexia 
} CAN I 33 92 5’2” Agitated depression 1.40 +0.01 1.10 —0.30 
) MI } 38 934 5’1” Obsessive neurosis 0.93 +0 .03 1.16 +0.23 
with anorexia 
HO! I 84 142 5’2” Paranoid psychosis 0.80 +0.03 1.04 +0.24 
2 CA I 74 99 5'3” Senile dementia 0.37 +(). 07 0.84 +0.47 
paranoid 
GRA I 76 121 x Manic-depressive 1.01 +0 .02 0.98 —0.03 
GR I 81 94 4’10” Senile dementia 0.70 +0. 02 1.06 +0.36 
HO | 58 101 V5 Pre-senile dementia 0.83 +0.08 1.20 +0.37 
JOH I 92 110 5’2” Old schizophrenia 0.51 +0.11 0.85 +0.34 
with superimpos- 
ed senile process 
7 JO I 64 107 5’ Senile dementia 0.43 +0.02 0.59 +0.16 
S LI } 59 115 5’3” Pre-senile dementia 0.91 +0.09 1.02 +0.11 
} MA I 58 98 Senile dementia 0.25 +0. 05 0.49 +0.24 
) SH I 80 109 4’11” Senile dementia 0.57 +0.10 0.68 +0.11 
SM I 75 105 56” Schizophrenia with 0.40 +005 0.60 +0.20 
superimposed 


senile processes 


Senile dementia 0.43 +0.03 1.03 +0.60 
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a lean asthenic woman who had been a _ period it is difficult to explain why glycin: 
very poor eater for some time, was gain- added to the diet should not only not be 
ing 6 pounds during the week in which the used for conjugation but even depres 
test was carried out. Even if we assume that function. This would be contrar: 
hypothetically that her N metabolism to the results of experiments with sodiun 
was in an anabolic phase during this benzoate feeding of growing animal 
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Fic. 1.—Senile and presenile cases. The hippuric acid excretion (in gm.) on 3 consecutive days 
represented by 3 columns. A = lst day, B = 2nd day, C = 3rd day. On the 2nd day (B) glycine w 
administered orally before and during the test (see test). 
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Fic. 2.—Control cases. The graphic presentation is the same as in Figure 1. The cases on t 
upper line are healthy young people. The cases on the lower line are patients with anorexia of psycl 
logic origin, and debility, but otherwise healthy. 
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White®).  Probstein and Londe! found 
imilar cases among their patients with 
impaired liver function, and attempted 
to explain this seemingly paradoxical find- 
ing by various hypotheses on glycine 
metabolism. 

Summary. Hippuric acid synthesis was 
studied in 12 senile patients on 3 consecu- 
tive days; on the 2nd day glycine was 
administered orally before and during 
Six healthy 
adults and 4 adults with anorexia of psy- 
chologic origin served as control cases. 


Quick’s intravenous test. 


Ten of 12 senile cases showed an abnor- 
mally low hippuric acid synthesis to begin 
with. In 9 out of these 10, hippuric acid 
synthesis was increased to a _ varying 
degree by glycine administration. From 
this finding it can be concluded that faulty 
hippuric acid synthesis in old age is 
mainly due to an impairment of the 
organism to furnish glycine rather than to 
an impairment of the mechanism of con- 
jugation. The difference in the patterns 
of these cases could not be correlated to 
any known clinical feature. 
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From the Research Laboratories of Hoffmann-La Roche, Inc. 


THE method of infection of mice by 
inhalation had been thoroughly studied by 
Stillman and his co-workers™ in the years 
1924-1931, and excellent investigations as 
to the pathology and pathogenesis of the 
experimental pneumonia were contributed 
by Webster and Clow," and Rake.’ 
these that 
natural towards 


From 
the 
the 
and 
that neither all strains of pneumococci 


studies might be seen 


resistance of mice 


intranasal infection is considerable 
nor all breeds of mice were suitable for 
infections of this type. It was probably 
the finding of Stillman and Branch" that 
treatment with high doses of alcohol was 
apt to break the natural and acquired 
which Neufeld and 
Etinger-Tulezynska*® to adopt the method 


resistance induced 
of short ether anesthesia preceding the 
infection. By this modification, 
reliable 


nasal 


consistent and infections 


could be obtained. 


very 


The reason why the intranasal infection 
with pneumococci and the subsequent 
pneumonia of mice was not more widely 
used in the determination of antipneumo- 
coccal activity might probably be found 
in the fact that satisfactory infections 
require suitable strains of pneumococci 
and a susceptible breed of mice; another 
reason might be that most of the known 
chemotherapeutic agents exert only a very 
poor activity in this infection. 
unable to find 


We were 


any reference as to the 


activity of sulfonamides in the pneumonia 
of mice; our own experience, covering 
roughly 10 years during which the intra- 
nasal infection was routinely studied with 
all agents which exerted antipneumococcal 
activity towards intra-abdominal infec- 
tion of mice, showed clearly that in the 
group of sulfonamides, only exceptionally 
was a satisfactory activity found. Even 
in these cases, the therapeutic effect was 
generally not more than prolongation of 
life dependent on the duration of the treat- 


ment. Final survivors were observed 
merely occasionally. 
From the observations of Gross and 


Cooper,? Kepl and Gunn,'* Raiziss, Kol- 
Rule,’ and 


Flanagan and Spitz, who used the intra- 


mer and Loughlin, Bennett, 
tracheal and intrabronchial pneumococcus 


infection of rats, may be seen that the 
pneumonia of these animals responded to 
a certain degree to treatment with differ- 


Wood" 


described particularly good results with 


ent sulfonamides and sulfones. 
sulfapyridine alone, but most of the other 
investigators’ * agree that the combina- 
tion with antipneumococcus serum 
hances considerably the activity of ‘he 
chemotherapeutic agents. 

It seemed from these observations t iat 
the slow and predominantly bacteriost:ti¢ 
the 
always sufficient to control the pulmon.r) 


The different 


activity of sulfonamides was ot 


infections of mice and rats. 


* Part of this paper was read before the New York City Branch of the Society of American /ac- 


teriologists on March 13, 1945. 
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PENICILLIN IN THE INTRANASAL 
mechanism of activity and the more 
powerful antibacterial action of penicillin 
gave reason to expect a more definite 
effect in pulmonary infections. 


Methods. ‘Two strains of pneumococci 
were used in our experiments. One was a 
phneumococcus Type 1, obtained from the 
School of Hygiene of the University of 
Toronto. The strain came originally from 
the laboratories of the Rockefeller Institute. 
The second strain (Pn. 6302) was a Type 2 
strain, obtained from the American Type 
Culture Collection. Both strains were kept 
on blood agar and in serum broth and were 
passed through mice regularly. 

The mode of infection was simple: white 
mice* of 18 to 22 gm. were exposed to ether 
for 2 minutes, and then their noses were 
dipped into undiluted overnight serum broth 
of the pneumococci. 

Untreated mice died within 30 to 48 hours 
after the infection. Pneumococci could be 
detected in the lungs by culturing on blood 
agar immediately after the infection. After 
| to 2 hours, a heavy infection of the blood 
was present. Pathologic changes, mostly 
dark red patches of bronchopneumonic infil- 
tration, were generally not present before 
24 hours; but at the time of death, both 
lungs were hepatized, of dark red color, and 
filled with exudate. 

‘reatment with penicillin was adminis- 
tered 1 hour after the infection. In some 
instances, a single treatment was given. 
No more than 4 treatments were found 
necessary, at least not with the doses selected 
lor these experiments. The penicillin used 
in ‘hese studies was sodium salt of penicillin 


TABLE 1 
PNEUMONIA CAUSED BY TYPE 
Type 1 
Total dose No. No. 

20 gm.) mice survivors 
25-50 12 1 
100-150 12 3 
0) 20 
10-500 24 10 
10-1000 12 
100 9 


SO0-—2000 


100-4000 5 5 


ntrols 
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* Strain of Tumblebrook Farms, Brant Lake, New 


prepared in the Roche research laboratories, 
its potency as determined by the cup test 
method was 500 to 800 u./mg. 

The succumbed mice, treated as well as 
untreated ones, were autopsied, and cultures 
of the lungs and heart blood were taken. 
Surviving animals were und: observation 
for a period of 3 weeks. From time to time, 
surviving mice were sacrificed and _ their 
lungs examined histologically. 

Experimental. It is known by the work 
of Rake, McKee and their co-workers® that 
very small doses of intra-abdominally in- 
jected penicillin were sufficient to control an 
intra-abdominal infection with pneumococci. 
Welch, Chandler, Davis and Price,” on the 
other hand, found that an average of 478 u. 
injected intra-abdominally were required in 
order to protect 50°; of mice infected with 
10,000 m.l.d. of pneumococci. We consider 
50 to 60 u./20 gm. as the minimal active 
subcutaneous dose for the control of an intra- 
abdominal infection with 1000 m.l.d. of 
pneumococci Type 1, Type 2 and Type 3." 
Infections with Type 1 pneumococci some- 
times responded to a total dose of 40u./20gm. 

For the treatment of intranasal infections, 
higher doses were required. 

In Table 1, the results of the subcuta- 
neous treatment of intranasal infection 
with Type 1 and Type 2 pneumococci are 
given. A total dose of 800 to 1000 u./20 
gm. can be considered the minimal active 
dose giving 50% survivors in the Type 1 
infection, while about 1800 to 2000 u./20 
gm. were required in infections with the 
Type 2 pneumococcus. Smaller doses, 
e. g., 200 to 500 u.20 gm., showed still 


ACTIVITY OF SUBCUTANEOUS TREATMENT WITH PENICILLIN IN PNEUMOCOCCUS 
1 aND Type 2 PNEUMOCOCcCI 


I'ype 2 
% No. No. % 
survivors mice survivors survivors 
8.3 
25.0 
40.0 
41.0 15 0 
50.0 30 2 6.6 
69.0 5 0 0 
60 27 45.0 
100.0 19 15 79.0 
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an appreciable activity in Type 1 
but the results 
were not always consistent. 


infec- 
tions, with these doses 

The data for Type 1 infections represent 
the results of single treatment with high 
doses as well as those obtained by 2 to 
t times repeated treatment with smaller 
doses. As a rule, higher activity was 
with the latter method. In 
Type 2 infections, only repeated treatment 
was given. 


observed 


In an attempt to analyze these observa- 
tions, killed 


25 hours following intranasal infection 


mice were 1, 3, 5, 9 and 
and a single treatment with 1000 u./20 gm. 
Cultures taken from the lungs showed 
that the number of pneumococci dimin- 
ished gradually; after 9 hours, only a few 
scattered colonies could be recovered. 
After 25 hours, however, heavy growth 
from the lungs was again obtained in the 
cultures. If, however, 2 treatments of 
1000 u./20 gm. were given with an interval 
of 4 hours, the lungs were sterile after 
9 hours and stayed sterile if examined 
This find- 


ing might explain why a single treatment, 


24 hours after the treatment. 


though it might be successful in some 
instances, was generally not sufficient; for 
the sterilization of the lungs, at least 
2 treatments were necessary. 

Pathologic findings in surviving treated 
mice were generally absent. During the 
first 3 or 4 days after the infection, very 
small marginal patches of pneumonic infil- 
tration were occasionally found; but later, 
the lungs appeared normal by gross and 
microscopic examination. 

Similar results 
penicillin was given orally. 


obtained when 
Table 2 is 


meant to demonstrate the comparison of 


were 


2.—COMPARISON 


IN INTRANASAL 


KELLY, 


OF SUBCUTANEOUS AND ORAL ADMINISTRATION OF SODIUM 
INFECTIONS OF Mice Typr 2 


LEWIS, SCHNITZER: 
subcutaneous and oral treatment in intra- 
nasal infections with pneumococcus Type 2 
In both groups of experiments, the sam¢ 
doses of penicillin were found to be active 
The observation that high total dose 
of penicillin (about 2000 u./20 gm.) hac 
approximately the same effect whether the 
drug was orally 


given parenterally or 


might appear surprising. Experimenta 
and clinical experience suggested that—a 
a rule—oral treatment required higher 
The 


phneumo- 


doses than the parenteral route. 
the 
coccus infection were not the only and 


observations in intranasal 
not the first exception to this rule." 

The determination of the penicillin con- 
centration in the blood seemed to offer 
some explanation for these findings. 

The technique used for the determina- 
tion of the serum level of penicillin was the 
Rammelkamp method.!° 

Groups of 5 mice were used for every 
dose and for every interval. The animals 
were sacrificed after the subcutaneous or 
oral administration by bleeding them from 
the axillary artery in ether anesthesia. 
The blood was pooled; and after clotting, 
the serum was used for the determination 
of potency. 

The figures in Table 3 represent aver- 
ages of 2 to 4 determinations with different 
groups of mice. 

From the data on Table 3, it might be 
seen that in all dosage ranges, the peak 
of the concentration of penicillin in the 
serum was at least 10 to 20 times higher 
after subcutaneous than after oral admin- 
istration. By increasing the subcutaneous 
dose, a longer duration of comparative!) 
low concentrations was observed; how- 


ever, the blood level dropped considera}|; 


PENICILLI? 
PNEUMOCOCCI 


(2 to 4 Treatments) 


Subcutaneous 


Total dose No. No. 
(u./20 gm.) mice survivors 
S00—1000 20 2 
1800—2000 27 
5 3 
7200 


Controls 


Oral 
% No. No. o/s 
survivors mice survivors 
10 40 2 5 
45 84 38 45 
60 50 29 58 
5 4 80 
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within 2 hours in all dose ranges. The given to mice subcutaneously or orally, 
oral administration caused much less and the animals were infected intranasally 
spectacular peaks and, accordingly, a with Type 2 pneumococci shortly after- 
more consistent serum level was found wards and after intervals of 1, 3 and 
for a certain period of time, depending on 5 hours. The results are given in Table 4. 
the dose. Particularly after high doses This table shows that the effect of high 
1000 u. and more), the serum level after doses of penicillin was the same whether 
oral treatment was more or less comparable | the drug was administered subcutaneously 
to that of the subcutaneous dose in the or orally. If one considers not only the 
later phases (after 2 to 3 hours), and was _ percentage of final survivors after 3 weeks 
even occasionally found to be higher, e. g., of observation but also the survival time 
at the 3 to 5 hour intervals. of the animals which died of pneumococcal] 


TABLE 3.— CONCENTRATION OF PENICILLIN IN THE SERUM OF MICE AFTER A SINGLE SUBCUTANEOUS 
AND OrAL TREATMENT WITH SopiumM PENICILLIN 


Interval (minutes) after administration 


Dose 
20 gm Route 15 20-30 60 90 120 150 180 210 300 
100 Subcut. 2.0 1.15 0.25 0.06 

Per os 0.075 
500 Subcut. 25.0 6.60 1.00 0.15 0.015 0.06 0 
Per os 0.38 0.10 0.03 0.02 0.03 0 
1000 Subcut. 22.5 22.50 1.00 0.50 0.03 0.03 
Per os 2.0 0.50 0.08 0.10 0.03 0.06 0.015 
2000 Subecut. 22.5 22.50 4.00 0.50 0.03 0.03 0 
Per os 1.0 2.50 0.58 0.13 0.13 0.13 0.06 
5000 Subcut. 128.00 1.00 0.06 
Per os 2.00 1.00 1.00 


BLE 4.— PROPHYLACTIC ACTIVITY OF A SINGLE Dose or Sopium PENICILLIN AFTER SUBCUTANEOUS 
AND AFTER ORAL ADMINISTRATION AGAINST INTRANASAL INFECTION OF Mice WITH 
Type 2 Pneumococct (EXPERIMENTAL PNEUMONIA) 


Average 
Penicillin Route of Interval* No. survival time % 

20 gm.) administration (hours) mice (days) survivors 

2500 Subcut. 0 9 4.0 45.0 

1 29 4.3 41.5 

3 27 2.3 22.0 

Per os 0 10 4.0 80.0 

1 30 7.0 40.0 

3 35 5.6 31.0 

5000 Subcut. 1 5 3.0 56.0 

3 20 2.3 20.0 

5 15 2.4 14.0 

Per os 1 10 9.0 60.0 

3 20 6.6 25.0 

5 15 7.0 20.0 

Controls. 48 2.0 2.5 


Interval between treatment and infection. 


The question arose whether these differ- pneumonia during this period, it might 
ences in the blood level were of therapeutic appear that the oral prophylactic dose 
gvificeance. A suitable way of obtaining was even somewhat more effective. 


ini rmation to this point seemed the in- Similar results were obtained in intra- 
ves igation of the prophylactic activity of abdominal streptococcal infections; these 
lar¢e single doses of penicillin. experiments will be published in the near 


ses of 2500 and 5000 u./20 gm. were future. 
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BUCK, 


ERCOLI, 
Discussion. ‘The intranasal infection of 
mice with Types 1 and 2 pneumococcus 
which fatal and 
septicemia responded readily to subcuta- 


produced pheumonia 


neous treatment with penicillin. Com- 
paratively high doses, 1000 u. 
to 2000 u. 
the 
half of the treated animals. 


(Type 1) 
(Type 2), were required to 
control infection in approximately 

Higher doses 
gave a correspondingly higher percentage 
of survivors. 

The observation that the oral adminis- 
tration of penicillin was as effective as the 
parenteral one was In agreement with our 


1 in infections with men- 


earlier findings 
ingococci, Salmonella and Borrelia novyi. 
In these infections which required high 
doses of penicillin (200 u. and more), the 
ratio 
Minimal oral dose 
Minimal subcutaneous dose 


was small and did not exceed values of 
1 to 2. On the other hand, in infections 
which responded to comparatively small 
doses of penicillin, e. g., the intra-abdom- 
inal streptococcal and pneumococcal in- 
fections, the ratio was about 10. In more 
with 
more resistant organisms which required 


severe infections or in infections 
higher doses of penicillin by the parenteral 


route the ratio oral/subeutaneous dose 


showed a tendency to drop. The com- 
parison of intra-abdominal pneumococcus 
infection (ratio 8 to 10'') and intranasal 
infection (ratio 1) is only one example; the 
same relation was found in streptococcal 
infections. While, for instance, the ratio 
10 in infec- 
tions with 1000 m.l|.d., it dropped to 1.5 if 
1,000,000 m.l.d. of the same streptococcus 


oral subcutaneous dose was 


strain were used for the infection. 

The determination of the blood level 
seemed to offer an explanation for these 
findings, because in the later intervals after 
high doses of penicillin, the concentrations 
of penicillin in the serum were almost 
identical whether the drug was given per os 
That would mean 
that the very high initial peak which was 
only observed after parenteral adminis- 
tration was of lesser significance than the 
consistent level of comparatively low con- 


or subcutaneously. 


KELLY, 


LEWIS, SCHNITZER: 

centrations to be found in the serum dur- 
ing the hours following the subcutaneous 
as well as the oral administration. 

From the prophylactic and therapeutic 
experiments in mice, we might draw the 
conclusion that there was no decisive influ- 
ence of the peak concentration after high 
The blood level reach- 
ed after the oral doses was obviously suff- 


doses of penicillin. 


cient not only to protect mice against the 
intranasal infection but also to prevent 
septicemia and death if the treatment was 
started 1 hour after the infection. 
Whether these findings have some bear- 
ing on the penicillin therapy of infections 
in humans cannot be decided at the pres- 
ent moment because only scanty informa- 
tion as to the dosage and effectiveness of 
oral penicillin treatment in different types 
We have, how- 


ever, the impression that the oral route of 


of infections is available. 


penicillin administration based on an ade- 
quate dosage schedule might be useful in 
blood 


level has to be maintained over a longer 


all conditions where a consistent 
period of time. 
Summary. |. 


definite effect in the prevention of pneu- 


Penicillin exerted a very 


monia of mice caused by intranasal infec 
tion with the pneumococcus Type 1 and 
Type 2. 

2. The minimal total dose i 
Type 1 infections was 800 to 1000 unit 
per 20 gm. given subcutaneously in 2 to 


active 


4 treatments, while Type 2 
total dose of 1800 to 2000 u. 
3. In intranasal pneumococcus Type 


required 


infection of mice, oral administration o! 
penicillin was as effective as the subcut: 
neous route. This was found not only 
penicillin was given | hour after the infe 
tion but also in prophylactic experimen 
when the mice were infected 1 to 5 hou 
after the administration of penicillin. 

4. The determination of the penicil 
level in the serum of mice seemed to su - 
gest that the concentrations obtained af 
high oral doses were sufficient to contr |! 
the intranasal 
although they did not produce as high «1 
initial peak of the serum level as observ d 
after parenteral injection. 


pneumococcus infectir 
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SUCCINYLSULFATHIAZOLE IN THE NUTRITION OF THE RAT 


By LEMvEL D. Wricut, Pu.D. 


AND 


HELEN R. Sxkecas, B.A. 


GLENOLDEN, 


PENNSYLVANIA 


From the Nutritional Laboratories, Department of Pharmacology, Medical Research Division, 
Sharp & Dohme, Inc. 


It has been reported that rats receiving 
succinylsulfathiazole in stock or natural 
diets grow normally and show no evidence 
of nutritional deficiencies.*:* In contrast, 
the inclusion of succinylsulfathiazole in 
the usual adequate highly purified diets 
renders such diets incapable of supporting 
normal growth. The feeding of these 
diets leads to the development of a variety 
of deficiency signs including alopecia, 
achromotrichia, porphyrin-stained whis- 
kers, leukopenia and 
These outward manifestations of nutri- 
tional deficiencies are accompanied by de- 
creased hepatic storage and fecal elimina- 
tion of folic acid, biotin and even panto- 
thenic acid. The administration of folic 
acid and biotin will restore such animals 
to normalcy with respect to both appear- 
ance and hepatic vitamin storage.” 

Although no apparent detrimental ef- 
fects result from the feeding of succinyl- 
sulfathiazole to rats on stock diets, it 
should be recognized that it is quite pos- 
sible for an animal to appear normal, but 
to possess a tissue vitamin storage indica- 
tive of a latent or borderline deficiency. 
Consequently these additional growth 
studies have included determinations of 
the hepatic storage and fecal elimination 
of folic acid, biotin and pantothenic acid 
when rats were fed succinylsulfathiazole 
in a complete diet. Fecal Escherichia coli 
counts also have been made as a measure 
of the bacteriostatic effectiveness of the 
drug. 


Procedure. Thirty-two weanling male 
albino rats were separated into 2 equivalent 
groups and were caged individually over 
wide-mesh screening. They were given food 
and water ad libitum. Group 1 received a 
diet of 95° powdered “Friskies” and 5% 


Wilson’s 1 to 20 liver powder. Group 2 
received a diet composed of 90 parts of the 
above ration and 10 parts of succinylsulfa- 
thiazole. The ratio of succinylsulfathiazole 
to calories consumed in this diet is approxi- 
mately 3 times that existing when succiny] 
sulfathiazole is administered in its usual do- 
sage to human patients. On a gm./kilo/day 
basis the rats ingested 20 to 40 times the 
recommended human dose. The _ experi- 
ment was of 8 weeks duration and the rats 
were weighed at weekly intervals. Occa- 
sional food intake determinations were car- 
ried out on representative rats throughout 
the experiment. At intervals vitamin deter 
minations also were carried out on complete 
24 hour fecal collections. The fecal EF. coli 
counts were made on representative rats 
after they had consumed the diet for 8 weeks 
At the conclusion of the experiment all of 
the animals were killed by decapitation and 
representative livers were assayed microbio- 
logically for the various B vitamins studied 

The preparation of the fecal and liver 
samples for microbiologic assay has bee 
described previously." Folic acid was deter 
mined microbiologically with Lactobacillu 
casei as the assay organism.? Biotin, panto 
thenic acid and nicotinic acid were dete 
mined with Lactobacillus arabinosus.> 
Ten mg. of para-aminobenzoic acid pr 
100 ml. were included in the assay mediun 
as a sulfonamide inhibitor in the microbi« 
logic assay of feces. A folic acid concentrat 
was used as a standard in the microbiolog 
assay of folic acid. The standard has bet 
assayed against a sample of synthetic Lact 
bacillus casei factor, supplied through tl 
courtesy of the Lederle Laboratories, an 
the results have been recalculated in tern 
of the presumably pure factor. The E. c 
counts were obtained by a dilution pla 
count method using desoxycholate agar as 
differential medium. 


Results and Discussion. The data o 
tained have been summarized in Table 
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The inclusion of 10% succinylsulfathia- non occurs also with other intestinal 
zole in the adequate non-synthetic diet organisms and other sulfonamides. In the 
employed did not alter significantly the present experiment the fecal elimination 
growth or normal appearance of the rats. of biotin, pantothenic acid and nicotinic 
The rats consuming the succinylsulfathia- acid was not significantly altered by the 
zole-containing diet ingested significantly administration of succinylsulfathiazole. 
more food even when the food intakes were The hepatic storage of folic acid was 
corrected for the fact that only 90% of found to be 5 (4.1-6.2) y/gm. in the con- 
the diet was nutritive material. The trol animals and 2.5 (2-3.5) y/gm. in the 
- average amount of feces produced per day sulfonamide-fed group. This difference is 
he by the rats consuming the sulfonamide _ statistically significant. Previous studies 
diet was a little higher than that pro- have shown that the folic acid content of 
it . . . 
mr duced by the rats on the control diet. the liver of rats fed natural diets may 
vy The difference was not statistically signifi- range from about 4-12 y/gm.4?? When 
* cant, however, probably because of the rats are reared on highly purified diets 
ay great variability in daily feces production which furnish no external source of folic 
he that exists in rats. acid to the rat, but which are entirely 
ri The fecal elimination of folic acid was adequate for normal growth, the animals 
its significantly depressed in the rats consum- are able, probably by bacterial synthesis 
‘a ing the succinylsulfathiazole diet. Miller in the intestine, to build up an hepatic 
- has shown, tn vitro, that sub-bacteriostatic storage of folic acid in the order of 0.6— 
amounts of sulfanilamide markedly de- 1.5 y/gm. The inclusion of succinylsulfa- 
7 crease the amount of folic acid synthe- thiazole in the diet reduces this value to 
ol sized by EF. coli. Probably this phenome-  0.2-0.6 y/gm. and deficiency symptoms 
ats 
ks TABLE 1.—SuMMARY OF EXPERIMENTAL DaTA 
Succinylsulfathiazole- 
nm Control group* fed group* Pt 
10 Initial weight, gm. 59 (54-66) (16) 60 (56-68) (16) 0.1-0.2 
ad Final weight, gm. 236 (214-276) (16) 231 (188-271) (16) 0.5-0.6 
vel Food intake, gm./day 16 8 (14-20) (36) 20 5 (15-24) (36) <0.01 
| 
; Corrected food intake, gm./day 18 5 (13.5-21.6) (36) <0.01 
lu FE. coli organisms in feces, No./gm. 400,000 270 
(128,060-900,000) (3) (20-500) (3) 
el Feces produced, gm./day 9.7 (7.6-12.5) (5) 12.7 (8.6-19.7) (6) 0.1-0 2 
Fecal elimination of: 
pe Folie acid, y/day 31 (26-41) (5) 17 (9-26) (6) <0.01 
ul Biotin, y/day 5.3 (3.3-6.7) (5) 4.3 (3.8-4 9) (5) 0.2 
-antothenic acid, y/day 416 (311-484) (5) 339 (232-430) (6) 0.05-0.1 
at Nicotinic acid, y/day 525 (463-576) (3) 507 (474-552) (3) 0640.7 
er Hepatie storage of: 
er olie acid, y/gm. 5.0 (4.1-6.2) (8) 2.5 (2.0-3.5) (8) <0.01 
iotin, y/gm. 0.93 (0 82-1 0) (8) 0.83 (0 77-0 91) (8) 0 02-0 05 
t] ‘antothenic acid, y/gm. 60 (52-66) (8) 65 (52-75) (8) 0.2 
uN Accompanying the average values presented are (1) the range in values obtained, and (2) the number 
n of animals involved or determinations performed. 
4 The P values or significance were calculated by the t test where 
2 
‘ A 
X1 — X2 ¢ for 30 or more observations = 
~ = n* 
Ver? + &? 
e for less than 30 observations = 
n(n — 1) 
’ Degrees of freedom = ni + nz — 2 


e are indebted to Mr. Joseph L. Ciminera for the statistical calculations. 
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are encountered. The hepatic storage of 
folic acid found in the present sulfonamide- 
fed group was 2 to 4 times that found in 
rats reared on purified diets and 5 to 
10 times that found in rats actually show- 
It 


should be noted that folic acid is unique 


ing evidence of a folic acid deficiency. 


among the B vitamins in that the liver 
storage ordinarily found in stock rats is 
approximately 20 times the level found in 
deficient rats. In contrast, pantothenic 


acid, riboflavin, or biotin-deficient rats 
have an hepatic storage of the limiting 
factor that is one-third to one-half that 
found in stock rats. 

Despite the long-continued feeding of 
succinylsulfathiazole the coliform organ- 
the 


feces at the conclusion of the experiment. 


isms were essentially absent from 
Results have been reported in which F. coli 
themselves fol- 
of succinylsulfa- 
thiazole for a period of several weeks.' 
at level of 
0.5% and it is possible that this concen- 
tration 


organisms reéstablished 


lowing administration 


The sulfonamide was fed a 
permitted sulfonamide resistant 
strains to develop and become reéstab- 
lished in the intestine. 

In the present experiment leukocyte 
counts were not made. It has been our 
experience that low leukocyte counts and 
agranulocytosis do not occur independent 
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of a depression in growth or a decrease 11 
the hepatic storage of folic acid below a 
level of about 0.8 y/gm. 


Summary. |. 
administered to growing rats over an §& 


Succinylsulfathiazole was 


week period in a dose which, in comparison 


with the prescribed human dose, was 
approximately 3 times greater on the basis 
of % of food intake and 20 to 40 times 
greater on the basis of gm. per kg. of body 


weight. 


2. The growth, general appearance, 
hepatic storage of biotin and pantotheni 
acid and fecal elimination of biotin 


pantothenic acid and nicotinic acid wer 
not significantly influenced by the in- 
gestion of the sulfonamide. 

3. The animals consuming the sulfon- 
amide-containing diet eliminated signifi- 
cantly less folic acid in the feces and at 
the conclusion of the experiment were 
The hepatic storage 


found to have significantly less folie acic 
stored in the liver. 
of folie acid was, however, approximatel) 
9 


3 times that found in rats receiving ade- 


quate highly purified diets and 8 to 10 


times that found in folie acid deficient 
animals. 
1. The FE. coli organisms were practi 


cally eliminated from the feces of the 


succinylsulfathiazole-fed rats. 
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EFFECT OF CITRATE ON THE REACTIONS OF LEAD WITH BLOOD 
CELLS AND PLASMA* 


By R. A. Morrensen, Pu.]). 


PROFESSOR OF 
LOMA LINDA, 


BIOCHEMISTRY 
CALIFORNIA 


(From the Department of Biochemistry, School of Medicine, College of Medical Evangelists) 


In papers dealing with the use of sodium 
citrate as an agent in the treatment of 
plumbism, Kety and Letonoff** presented 
evidence that the administration of the 
citrate results in the prompt reduction of 
the concentration of lead in the blood and, 
in most cases, an increase in its excretion. 
These observations were subsequently con- 
firmed by Cantarow and Trumper.’ §Pre- 
viously, Aub and co-workers! noted a 
slight increase in the rate of lead excretion 
following sodium citrate administration. 

It has long been known that citrate solu- 
tions dissolve certain relatively insoluble 
lead salts, an action which has been attrib- 
uted to the formation of a soluble lead 
citrate complex. Proof of the existence of 
such a complex in dilute solutions was 
obtained by Kety,’ who concluded that 
even the normal plasma citrate may be 
responsible for keeping otherwise insoluble 
lead compounds in solutions and, hence, 
for their physiologic removal from the 
blood. This conclusion has been ques- 
tioned, however, by Bambach, Kehoe and 
Logan*® on the basis that lead is carried 
mainly in the cells. 

In view of these observations, it seemed 
of interest to investigate further the 
mechanism by which citrate influences 
lead metabolism. The present paper deals 
th the effect of citrate on the combina- 
i of lead with cells and plasma, as 
licated by changes produced in: (a) the 
p isma cell partition; (6) the ability of the 
cls to remove lead from the plasma; and 

the proportion of diffusible lead in the 
p' sma as determined by ultrafiltration. 
process that alters these factors might 
onably be expected to affect the 
lization and excretion of lead. 


an 


o 


Methods. All experiments were performed 
with freshly drawn human blood in vitro at 
a temperature of 37.5° C. (In vivo studies 
will be the subject of a subsequent paper.) 
Heparin was used as the anticoagulant. 
Solutions of lead chloride and sodium citrate 
were added in small amounts to the blood 
or other fluid under investigation by means 
of micropipettes, so that the total increase 
in volume did not exceed 2° of the volume 
of the specimen. 

Lead analyses were made by using radium 
D, an isotope of lead, as a radio-active indi- 
cator and measuring the activity with a 
Geiger-Miiller counter, as previously deserib- 
ed." While the values obtained by this 
method represent added lead only, they 
roughly approximate the total amounts 
under the conditions employed in this work, 
where the quantity of lead initially present 
was always small in comparison with that 
added. For the experiments involving the 
addition of relatively small amounts of lead, 
blood specimens having an initial concentra- 
tion of less than 0.01 mg. per 100 ee., as found 
by the dithizone method, were selected. The 
concentration of lead in the cells was caleu- 
lated from the hematocrit value and from 
the concentrations in whole blood and in 
plasma, except in the few cases in which the 
cells, after separation from the plasma, were 
suspended in saline and analyzed directly. 

No attempt was made to determine the 
initial citrate content of the blood specimens. 
Normal plasma contains from 1.5 to 4 mg. 
per 100 cc., according to Schersten,’* but 
as much as one-fifth of the amount contained 
in a sample may disappear within 1 hour.” 
All concentrations given in the present paper 
refer to added citrate only. 

Ultrafiltrates were obtained by means of a 
filtering system constructed of glass vessels 
and a membrane of dialyzer cellophane which 
had been soaked in several changes of dis- 
tilled water to remove the glycerol. The 


This investigation was aided by a grant from the Alumni Research Foundation of the College 


edical Evangelists. 
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solution and filtrate could come in contact 
with nothing but glass and the membrane at 
any point. A positive pressure of about 
150 mm. of mercury was employed. With 
this apparatus, ultrafiltrates of plasma and 
serum gave negative coagulation tests with 
heat and acetic acid. 


Results. Plasma Cell Partition. After 
preliminary tests, which indicated that in 
some instances sodium citrate alters the 
distribution of lead between the plasma 
and cells, the effect of various concentra- 
tions of citrate with different levels of lead 
was investigated. In the first experiment, 
graded amounts of the citrate were added 
2 Active lead 
chloride was then introduced, so as to 


to 2 cc. samples of blood. 
give a predetermined lead concentration. 
After standing for 20 minutes with occa- 
sional gentle inversion, the mixtures were 
centrifuged, and samples of plasma were 
analyzed for lead. ‘Typical results are 
presented in Figure 14. With a total lead 
concentration of 0.1 mg. per 100 cc., less 
than 4% of the lead remained in the 
plasma, and the addition of citrate had 
only a slight effect on the amount found 
in this fraction of the blood. At the level 


of 0.2 mg. per 100 cc., the proportion of 
lead in the plasma of untreated blood was 
greater, but was considerably reduced by 
the presence of the citrate. 

In this connection, it may be pointed out 
that in clinical and experimental lead 
poisoning, more than 90% of the element 
is held by the cells.*"" A similar distribu- 
tion is usually found when soluble lead 
salts are mixed with blood in vitro, pro- 
vided the concentration is kept compara- 
tively low, e. g., 0.1 mg. per 100 ce. How- 
ever, the present results show that at 
higher levels, a higher, but variable, per- 
centage of lead may be found in the 
plasma, the actual percentage apparently 
depending upon the manner of mixing, as 
well as upon individual variations in blood 
specimens. It is at the higher lead levels 
that the effect of citrate in facilitating the 
uptake by the cells becomes most evident 

A blank experiment was performed by) 
repeating the procedure with samples of 
plasma instead of whole blood. In every 
case the concentration of lead was the 
same in the upper and lower portions of 
the plasma after centrifuging, thus indicat- 
ing that the disappearance of lead from 
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IN PLASMA 


PER CENT LEAD 


ADDED CITRATE, MG. PER IO00CC 


Fic. 1.—The effect of citrate on the distribution of lead between cells and plasma. Solid lines repr 
sent a lead concentration of approximately 0.2 mg. per 100 cc ; dotted lines indicate 0.1 mg. per 100 


A, Lead added to blood containing citrete. 


B, Blood treated with citrate after the addition of lead. 
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he plasma, with increasing amounts of 


citrate, was dependent upon reaction with 
he cells. 


Figure 1B shows results obtained in 
the same way as those represented in 
Figure 1A, except that the lead was added 
to the blood first, and the mixture was 
allowed to stand for 20 minutes before the 
introduction of citrate. It will be noted 
that the citrate produces a smaller effect 
on the plasma cell partition when added 
to blood previously mixed with the lead. 

The effect of the length of time elapsing 
between the addition of citrate and cen- 
trifugation was also studied. In one experi- 
ment in which sodium citrate was added 
to the blood with a lead concentration of 
0.18 mg. per 100 cc., 14 and 5% of the 
lead was found in the plasma fractions at 
the end of 5 and 20 minutes, respectively, 
while in untreated controls the correspond- 
ing values were 34 and 32%. Very little 
change occurred after the first 20 minutes, 
irrespective of amount of citrate present. 

Blood samples were also treated with 
solutions of certain other substances which 
have been advocated for use as “de- 
leading agents ’’—sodium bicarbonate, sod- 
ium thiosulfate, potassium iodide, disod- 
ium phosphate and ascorbic acid—but in 
no case was the distribution of lead meas- 
urably different from that in untreated 
controls. 

raBLe 1.—Errect oF CITRATE ON THE ABII 
Citrate 
Sample (mg./100 ec.) 

3 
5 
15 
30 


bo 


Combination of Cells With Lead i 
l‘asma. Aub and co-workers? noted that 
eid mixed with serum could no longer 
produce its usual effects on the red cells. 
stated by Minot,!° lead appears to be 
ctivated by admixture with serum. 
Bimbach, Kehoe and Logan* made the 
further observation that when cells are 
soarated from plasma, and are returned 
ai'er adding lead to the plasma, they 


remove considerably less of the element 
than could be expected from the results 
of introducing lead solutions directly into 
whole blood. According to the latter 
authors, these observations imdicate the 
formation of some type of combination 
of lead and plasma. In the present work, 
a study was made of the influence of 
citrate on the ability of lead to thus com- 
bine with plasma. 

Blood samples were treated with varying 
amounts of sodium citrate. The plasma 
was then separated, and mixed with active 
lead chloride. After standing for 10 min- 
utes, it was returned to the cells. All 
samples had a final lead concentration of 
approximately 0.1 mg. per 100 ce. At 
the end of 20 more minutes, the mixtures 
were centrifuged and the two blood frac- 
tions analyzed for lead. The results 
(Table 1) show that under the conditions 
of these experiments, the presence of added 
citrate greatly increases the amount of 
lead transferred to the cells. While 33% 
remained in the plasma in the absence of 
citrate, all but 7%, for example, was re- 
moved by the cells in presence of 15 mg. 
of citrate per 100 cc. Thus the ability of 
the plasma to withhold from the cells, 
lead previously mixed with it, is greatly 
reduced by the addition of sufficient 
citrate. 


arty oF CeLLs TO Remove Leap From PLASMA 


Lead in cells Lead in plasma % \ead in 
(mg./100 ec.) (mg./100 ec.) plasma 
0.14 0.065 32 
0.14 0.059 29 
0.15 0.049 24 
0.19 ‘ 0.014 7 
0.19 0.008 4 


The influence of time on this action 
of citrate is shown in Table 2. Samples of 
the remixed blood, containing the same 
amount of lead as before and 15 mg. of 
citrate per 100 cc., were centrifuged at 
different periods of time after mixing. 
Other samples containing no citrate served 
as controls. As can be seen from the 
data, lead is taken up rapidly by the cells 
in the presence of citrate. It will also be 
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noted, incidentally, that the percentages 
of lead in the plasma are somewhat higher 
than the corresponding values obtained 
in the previous experiment (Table 1). 
Such variations were encountered when 
the specimens were collected at different 
times and from different individuals. 
Nevertheless, both sets of data clearly 
effect of citrate on 
lead mixed with plasma. 


show the “ activating” 


raBLe 2. 


rime after 


mixing cells 


Without citrate 


4 isn Lead in cells Lead in plasma 
mir mg./100 ec.) mg./100 
2 0. 0358 0.16 
10 0.067 0.13 
30 0 O82 6.33 
60 0.088 0.11 


Transfer of Lead From Cells to Plasma. 
The reversibility of this reaction was also 
investigated. Results reported previously" 
showed that lead passes readily from cells 
to plasma in experimental animals. On 
the other hand, Blumberg and Scott* failed 
to remove appreciable quantities of lead 
by washing cells twice with isotonic saline. 
In the present work, 3 samples of blood 
containing 0, 5 and 15 mg. of citrate per 
100 ce., respectively, were allowed to stand 
until the cells had reached equilibrium 
with lead in the plasma. The cells were 
then centrifuged down, separated as com- 
pletely as possible from the plasma, and 
washed 3 times for 5 minutes with an equal 
volume of fresh plasma containing no 
added lead. Analyses made on the plasma 
washings and on the washed cells revealed 
that the second and third washings had 
each removed from 2 to 3% of the lead, 
which was almost as much as could be 
expected from the results of distribution 
studies" on blood having a similar lead 
content (0.1 mg. per 100 ce.). Thé per- 
centages of lead removed from the 3 sam- 
ples were the same, however, within the 
limits of experimental error. It may be 
concluded, therefore, that the transfer of 
lead from the cells to the plasma is not 
appreciably affected by the presence of 
extra citrate. 


Errect oF TIME ON THE ABILITY 


Le ad 


In this experiment, 


Combination of Cells With 
Ringer’s Solution. 
washed cells were mixed with lead and 
citrate dissolved in a special Ringer's 
solution containing phosphate, as used b) 
Aub and co-workers.? All samples had a 
final lead content of approximately 0.1 mg 
per 100 cc. One series of mixtures was 
centrifuged after 5 minutes, and another 


at the end of 30 minutes. As shown i 


oF CELLS TO Remove LEAD FROM PLASMA 


With citrate 


7% lead in Lead in cells Leadin plasma % lead ir 
plasma mg./100 mg./100 cc.) plasma 
Sl 0.15 0.051 26 
67 0.18 0.025 12 
59 0.18 0 020 10 
56 0.18 0.019 8) 


Table 3, even a comparatively low con- 
centration of citrate produced a large in 
crease in the amount of lead taken up by) 
the cells and, unexpectedly, higher con- 
centrations proved to be somewhat less 
effective. In blank tests performed with 
similar concentrations, no sedimentation 
of lead occurred in the absence of cells. 
Ultrafiltration. Plasma and serum sam- 
ples were treated, in turn, with sodium 
citrate and lead chloride, and allowed to 
stand a few minutes, after which, the 
mixtures (containing 0.1 mg. of lead per 
100 ce.) were subjected to ultrafiltration 
Table 4 gives the concentrations of lead in 
in the ultrafiltrates, expressed in terms of 
% of the original plasma and serum con- 
centrations. Each value represents the 
average of 2 determinations made on 
successive fractions of ultrafiltrate. The 
data indicate that citrate increases th 
percentage of diffusible lead, as thus dete: 
mined, in plasma and in serum. 
Discussion. ‘These actions of citrat 
appear to be possible factors in the in- 
creased mobilization and excretion of lea‘! 
observed in sodium citrate therapy. T! 
fact that citrate promotes the removal «{ 
lead from plasma and from Ringer’s sol 
tion, suggests that it may aid in the mob 
ization of the element by increasing t) 
capacity of the cells to combine with les | 
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from the tissue fluid. This factor, coupled 
with the increase in the proportion of the 
diffusible form produced by citrate, should 
result in a freer exchange of lead between 
The increased 
diffusibility should also make more of the 


the tissues and the blood. 


element available for excretion. 


factors. Citrate ion is known to exhibit 
a moderate indifference to cells. It is 
possible that its properties are so modified 
by the lead as to permit the complex to 
combine readily with the cells. However, 
it seems more likely that citrate ion serves 
as a carrier which takes up and then 


Errect oF CITRATE ON THE ABILITY OF CELLS TO Remove LEAD FROM RINGER'S 


SOLUTION CONTAINING PHOSPHATE 


TABLE 3 
Time before 
centrifuging Citrate 
Sample (min.) (mg./100 ec.) 
l 5 0 
2 5 3 
3 5 5 
4 30 0 
5 30 3 
6 30 5 
7 30 15 
8 30 60 
TABLE 4. 


DETERMINED BY 


Lead in plasma 
ultrafiltrate 
7 


Citrate 
(mg./100 ec.) 
0 
Ss 
20 


In considering these results in relation 
to therapy, it should be noted that the 
range of citrate concentrations employed 
in most of the experiments included some 
values which undoubtedly are consider- 
ably above those attained in the body. 
The administration of sodium citrate is 
known, however, to result in an elevation 
of blood citrate, and could be expected to 
influence the behavior of lead in the blood 
to a corresponding extent. 

[he experimental results are probably 
bet explained on the basis of an increased 
reaction of citrate ion with lead ion to 
fo'm the soluble complex,’ in competition 
w h other plasma constituents which also 
co abine with lead. Additional evidence 
fo the presence of this complex in solu- 
ti is containing lead and citrate ions has 
re ently been obtained by Bobtelsky and 
Jc dan® Although this explanation ap- 
pe rs adequate to account for the observed 
re ction in the non-diffusible form in the 
pl ma, the increased ability of cells to 
bine with lead may also involve other 


Lead in cells Lead in “‘plasma” % lead in 


(mg./100 ce.) mg./100 ec.) “plasma’™’ 
0 09 0 110 55 
0.18 0 020 10 
0.18 0 023 12 
0.11 0.090 45 
0.18 0.021 11 
0.17 0.031 16 
0.16 0.041 21 
0.10 0. 090 47 


ErFecT OF CITRATE ON THE % OF DIFFUSIBLE LEAD IN PLASMA AND SERUM AS 
ULTRAFILTRATION 


Lead in serum 
ultrafiltrate 


(%) © 

6 
18 15 
30 35 


releases lead ion to the cells. The latter 
view appears to find support in the ob- 
servation that in Ringer’s solution a rela- 
tively low concentration of citrate greatly 
increases the amount of lead taken up by 
the cells, while higher concentrations pro- 
duce a smaller effect. 

Summary. 1. The effect of sodium 
citrate on the distribution of lead between 
the plasma and cells, and on the propor- 
tion of diffusible lead in plasma and 
serum, has been investigated, using the 
isotope, radium D, as a radioactive indi- 
cator. 

2. When lead is added to blood in vitro 
at such concentrations that a large frac- 
tion ordinarily remains in the plasma, the 
presence of added citrate increases the per- 
centage of lead taken up by the cells. 

3. The addition of citrate greatly in- 
creases the ability of the cells to combine 
with lead previously mixed with plasma 
or with Ringer’s solution containing phos- 
phate. 
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4. Lead is readily transferred from cells 
to plasma, but citrate has little or no effect 
on the process. 

5. Added citrate reduces the proportion 


of non-diffusible lead in plasma and serum 
as determined by ultrafiltration. 

6. The possible bearing of these result 
on citrate therapy is briefly discussed. 


I am indebted to Miss Margaret Anderson for technical assistance. 
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ALTERATION OF THE ELECTROCARDIOGRAPHIC P WAVES IN ACUTE 
RHEUMATIC FEVER 


By Mas. Joun J. Sampson, M.C., A.U.S. 


AND 


Capt. Paut C. Kapitan, M.C., A.U.S. 
BAXTER GENERAL HOSPITAL 


SPOKANE, 


\LTHOUGH have been 
made of electrocardiographie changes in 
8,10 ,12,13 


many reports 
patients with acute rheumatic fever, 
there have been few detailed analyses of 
the frequency of various abnormalities or 
their changes during various stages of 
Wendkos 
and Noll® present a recent summary of 
most of the changes that occur during 
active rheumatic fever, including delay 
or deformity of the QRS complex, modi- 
S-T segment and the 
T waves, as well as auriculoventricular 
During the 1943 epi- 
demic of acute rheumatic fever at the 
United States Army Air Forces Station 
Hospital at Lowry Field, Colorado, these 
and certain other changes considered sig- 
Since it has not 
received special comment previously, the 


clinical activity of the disease. 


fication of the 


conduction delay. 


nificant were observed. 


modification of P waves observed in rheu- 
matic fever is considered worthy of report. 
|t would be expected from the frequent 
extensive involvement of the atrial muscle 
that the electrocardiographic P waves 
would be modified during the active phases 
It is believed 
that such changes commonly occur but 
that there has been hesitancy in either 
recovnizing or reporting them because of 
the normal variations in form and direc- 
tion of P waves, especially in Lead III. 
The respiratory cycle variations of Ps is 
notaily great. 
rations of form, amplitude, dura- 
tion and direction have not only been 
desc bed in arrhythmias involving aber- 
rati 1s of atrial pacemaking and conduc- 
tion, but likewise in mitral stenosis,?"" 
There 
have also been studies of the P waves in 
38 myocardial infare- 
SEPTEMBER, 1946 


of acute rheumatic fever. 


and pulmonary valve stenosis.! 


esop ageal leads, 


212, No. 3 


WASHINGTON 


tion,’ and myocardial failure.6 Recently 
there has been a detailed study of the 
electrical axis of P waves in normal sub- 
jects and in those with atrial arrhyth- 
mias. *->-¢ The variations in electrical axis 
seem to have been influenced more by the 
size and position of the auricles than by 
intrinsic changes in the myocardium 
affecting conduction. 

P wave changes as herein reported in 
acute rheumatic fever cases are thought 
to be significant, especially when succes- 
sive records show changes in form that 
seem to coincide with increased activity 
of the Flattened, diphasic or 
inverted P; waves were not considered 
significant unless the abnormality was 
great enough to modify Ps» as well as P3 
and exhibit changing form on successive 
However, 
degree may be considered significant in 
future studies. The respiratory variation 
of P; was adequately discounted in evalu- 
ating the changes interpreted as abnormal. 
P, variations generally were accompanied 
by similar modifications of and of 
to an appreciable degree less frequently. 

In 60 successive active acute rheumatic 
fever cases studied, out of 551 observed 
during the period of January 1943 through 
September 1943, 8 (approximately 11.7%) 
showed significant flattening or inversion 
of P waves. Five of these cases showed 
‘ariations in successive records taken at 
weekly intervals and the flattening or 
inversion of these waves generally seemed 
to coincide with a period of activity, cor- 
roborated by clinical and laboratory evi- 
dences. Of the 8 cases, 5 presented flat- 
tening or inversion of P. and P;, 2 demon- 
strated alterations in P waves in all leads 
including Lead IV F, and 1 showed orly 


disease. 


records. changes of lesser 
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P, and P, inversion. It is apparent from 
these cases that changes are more com- 
mon in Lead III than in Leads I or IV F. 
In view of the greater prominence of 
auricular flutter waves in Lead III than 
in L»ad I, probably due to the more per- 
pendicular position of this lead to the 
average axis of the auricular vectors, it 
might be expected to reflect more sensi- 
tively the changes in auricular conduc- 
tion. Auricular changes would likewise 
be expected in esophageal leads and such 
was demonstrated in 2 of the cases with 
abnormal P waves at 35 em. and 40 cm. 
levels with loss of the initial upright phase 
of the sharp diphasic complex. 

These alterations in P wave directions 
are apparently a sensitive index of cardiac 
involvement in that in only 2 out of the 
8 cases were other unequivocal electro- 
cardiographic abnormalities noted, namely 
a flattened T, in 1 case and prolongation 
of the auriculoventricular conduction pe- 
riod in another. Diphasic Ts, flattening of 
T IV F, low voltage of the QRS and right 
axis deviation occurred in, 4 other cases 
but these changes could not be interpreted 
as definitely abnormal. Comment may 
be made that tendency toward right axis 
deviation was observed with unusual fre- 
quency in acute rheumatic fever patients, 
without evident valvulitis. No explana- 
tion is offered for this finding. 

In addition to these 8 cases there were 
7 others in the 60 studies in which minor 
P wave changes were observed but were 
not considered significant. Greater ampli- 
fication of the waves may permit the 
development of more exact diagnostic 
criteria for such records, which now are 
not considered diagnostic. 

Certain case histories serve to illustrate 
the relation of atrial changes in the elec- 
trocardiogram to the clinical activity of 
the acute rheumatic fever. 


Case Histories. Case 1. Patient X, age 
32, was admitted to the Station Hospital, 
Lowry Field on Aug. 4, 1943, with pain, 
swelling, redness and tenderness of both 
ankles and the right knee of 3 days dura- 
tion. He had notéd fatigue, dyspnea on 
exertion, and anorexia for the past 2 months, 


ELECTROCARDIOGRAPHIC CHANGES IN 


RHEUMATIC FEV! 
succeeding an upper respiratory tract infec- 
tion. There was a past history of recurrent 
pains in both ankles and lower legs, between 
the ages of 6 and 9 years. On admission the 
oral temperature was 99.4° F., the pulse 
rate 100 per minute, the white blood count 
8300 and the erythrocyte sedimentation rate 
5 mm. per hour (Cutler technique). Roent- 
gen films of the heart and lungs were normal. 
The Aug. 6, 1943, 
showed a low voltage in all leads, and a 
sharply inverted P; and slightly inverted P,. 

On August 19, at which time all joint 
signs had subsided and the temperature had 
returned to normal, the P; deflection had 
reverted to upright. The electrocardiogram 
on August 28 was unchanged except that 
voltage in all leads had increased slightly. 
The sedimentation rates repeatedly remained 
normal as did the leukocyte count. This 
illustrates definite alteration of the 
direction of P; during clinical activity of 
acute rheumatic fever accompanied by low 
grade fever but no other laboratory evidence 
of activity of the disease. 

Case 2. (Figs. 1 and 2.) Patient Y, age 
19, was hospitalized at Buckley Field Sta- 
tion Hospital from July 2 to July 28, 1943, 
with a characteristic initial attack of acute 
rheumatic fever. He was admitted to Lowry 
Field Station Hospital on July 29, 1943, with 
swelling, redness and tenderness of the knees, 
ankles and right shoulder and moderate pre- 
cordial pain, increased by cough. No other 
abnormal physical findings were present. 
The temperature was 99° F. and the pulse 
rate was 96 per minute. The erythrocyte 
sedimentation rate was 1 mm. in 60 minutes. 
The Roentgen ray film of the chest showed 
normal lung fields and prominence of the 
left cardiac border. The electrocardiogram 
on July 30 showed inversion of P, and Ps. 

The course continued unchanged for 
2 weeks with an occasional elevation of 
temperature from 99.2° F. to a maximum of 
100.2° F., slight tachycardia and joint pains, 
but repeatedly normal leukocyte counts and 
erythrocyte sedimentation rates. 

The temperature remained normal from 
mid-August through the Ist week of Sep- 
tember, there was improvement in the signs 
of joint involvement and the electrocardic 
gram showed upright P: and P; on August 30. 
A slight increase of joint activity and mild 
fever occurred in early September anc o 
September 14, P, again became inveted. 
The electrocardiogram on October 9 showeé 
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some inversion of P, and sharp inversion of 
P; as on admission to the hospital, although 
no definite clinical change was noted. On 
October 23, although a progressive improve- 
ment was noted clinically, the inversion of 
P; and flattening of P, persisted. 

These waves became upright on October 27 
but again showed deep inversion on Octo- 


This case illustrates fluctuating changes 
in the P waves in Leads IT and III, at times 
varying with the obvious clinical course, and 
at others alternating direction rather abrupt- 
ly during a recovery phase, without accom- 
panying signs of increased joint activity. 
In this patient there was likewise poor 
confirmation of the obviously active arthritis 


LT 


lec 7; TOC. Mus trating of 4 


LIT LY 


Fig. 1. 


ber In early November clinical improve- 
vas appreciable and the patient was 
irst allowed to sit up on November 15. 
The ectrocardiogram of November 18 
showed a further return to upright of P, 
and Suecessive records showed no 
altera during convalescence. 


Case 2. 


Patient Y 


by consistent fever, increased leukocyte 
count or prolonged erythrocyte sedimenta- 
tion rate. No significant electrocardiographic 
changes occurred other than in the P waves. 

Case 3. (Fig. 3.) Patient Z, age 20, was 
admitted to Lowry Field Station Hospital 
on July 23, 1943, having had a moderately 


ed | 
had 
n had 
P 
j 

7. Akt 
d sta- 
1943, 
acute 
Lov ry 
3 with 
te pre- AL 
» other 

| 

| tes A 

al from = 
of Sep- 
he signs 
oca 1i0- 
igus 3U 
nd nile 
and ol 
nve ted 


324 SAMPSON, KAPLAN: 


severe sore throat 3 weeks previously. Two 
days prior to admission he developed painful, 
reddened, swollen ankles. On admission his 
temperature was 99.2° F., pulse rate 102 
per minute, leukocyte count 9400 and an 
erythrocytic sedimentation rate of 25 mm. 
per hour (Cutler technique). The electro- 


ELECTROCARDIOGRAPHI¢ 


CHANGES IN RHEUMATIC FEVI 
erythrocytic sedimentation rate fell 
14 mm. per hour on September 22 and 
The electro 
cardiogram on September 2 and 21 show: 
upright P; and flattened P,,. 

There was obvious chronic tonsillar infec- 
tion teeth. The latter 


4 mm. per hour on October 6. 


and 2 abscessed 


LT 


cardiogram on July 28 showed inversion of 
P, and Py. Salicylate therapy was insti- 
tuted and the joint involvement slowly sub- 
sided within the next month but the erythro- 
cytic sedimentation rate was still 28 mm. 
per hour on August 16. The electrocardio- 
gram was unchanged on August 26, with 
persistent inversion of P, and Py. The 


Patient Y. 


were removed on October 9 and the former 
on October 28. He was transferred to the 
convalescent ward on November 3, where he 
remained free of joint symptoms until 
November 13. On that day he devel: ped 
pain and swelling of the right knee anc on 
November 18, of the right shoulder. His 
temperature varied from 100.2° to 101° F, 
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: and pulse rate from 96 to 104 per minute monophasic inverted P wave at the 35 em. 

d in those 5 days but both returned to normal and 40 em. levels. 

ctro- by November 22 under resumption of This case illustrated changes in P; and P4, 

al salicylate therapy. occurring concomitantly with an_ initial 
On November 17, his erythrocyte sedi- acute rheumatic arthritis, subsiding and re- 

we mentation rate was again 27 mm. per hour — occurring with a relapse following tonsillec- 


LVF Loop hoger! 


SE 


Fic. 3.—Case 3. Patient Z. 


and s leukocyte count was 15,200. The tomy and extraction of teeth. The P wave 
e formet elect ardiogram demonstrated inversion of changes receded to normal in this patient 
d to the [, a: | Ty. He gradually improved in the _ prior to the fall of the erythrocyte sedimen- 
where i me ing month, and on November 22 ~=—tation rate to normal levels. No other sig- 
ns nti lise. trocardiogram showed isoelectric Py nificant deviations from the normal electro- 
levelo ped and ight P, the white blood count being cardiogram were observed in this ease. 
sand on (600 November 23. On December 16, 
- i thes ndard electrocardiograph leads were No conclusive explanation can be offered 
101° Fa unchs ged but the esophageal leads, taken for the development of these changes 


by Li. Col. Leonard Williams, showed a in the atrial electrocardiographic waves. 
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There have been minor differences of 


P-R conduction time observed in 
of the records, but these differences were 


some 


not sufficiently consistent to indicate a 
positive relation to the causal mechanism 
Modifica- 


tion of the quality or direction of conduc- 


of the deviations of the P waves. 


tion through the muscle bundles of either 
or both account for the 
findings. This would notably be the case 
if it were generally accepted that such 
conduction takes place through certain 
bundle pathways and that inequality of 
contraction of the 2 auricles is not a rare 
im- 


auricles could 


phenomenon (Luisada®). It seems 
probable that alteration of the pacemaker 
accounts for most of these progressive 


P wave changes,* although rarely an 
abrupt transient 


form associated with variation in the P—-R 


alteration of P wave 
conduction time occurred, suggesting a 
shift of pacemaker. 

Conclusions. 1. 
acute rheumatic fever selected for detailed 


In 60 patients with 


ELECTROCARDIOGRAPHIC 


CHANGES IN RHEUMATIC FEVER 
study at the AAF Station Hospital at 
Lowry Field, Colorado, significant changes 
in the P waves of the electrocardiograin 
were observed in 8 of the patients and 
questionable alterations in 7 others. 

2. These changes consisted of distinct 
flattening or inversion of the P waves and 
occurred most frequently in Lead IIT and 
Lead II, but likewise observed, 
although less commonly, in Lead I and 
Lead IV F. 

3. The alterations in the P waves gen- 
erally paralleled the clinical evidences of 
and subsided 


were 


active joint involvement 
with clinical recovery. 

4. These P wave deviations are regarded 
as diagnostically important in that they 
often occurred unaccompanied by other 
electrocardiographic abnormalities and oc- 
casionally during periods when clinical 
signs of active rheumatic fever were 
associated with normal temperature, leu- 
kocyte count and erythrocyte sedimenta- 


tion rate. 
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OF MATERNAL 
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EVIDENCE OF MATERNAL RH SENSITIZATION WITHOUT EVIDENCE 
OF HEMOLYTIC DISEASE IN THE NEWBORN 


By Donatp H. Karmer, M.D. 


AND 
Dorotruy I. MILLer 


ROCHESTER, 


NEW YORK 


From the Department of Obstetrics and Gynecology, University of Rochester School of Medicine 
and Dentistry) 


Ir has been repeatedly stated?* that 
hemolytic disease of the newborn can oc- 
cur without the presence of demonstrable 
The 
converse of this statement has, however, 
appeared to our knowledge only twice in 
the literature up to the present time. 


Kh antibodies in the maternal serum. 


Dockeray and Sachs*® reported 4 cases in 
which they were able to demonstrate 
what appeared to be Rh iso-agglutinins 
in the Rh negative mother’s sera, yet 
these same mothers delivered 4 apparently 
normal Rh positive infants. The second 
report of this nature was by Goldbloom 
and Lubinski,’? who record 1 example of 
th iso-immunization in the mother with- 
out symptoms of hemolytic disease in the 
infant. 

The purpose of this paper is to describe 
2 additional cases in which we were able 
to demonstrate Rh iso-antibodies in the 
maternal sera of Rh negative mothers 
without finding evidence of hemolytic 
disease of the newborn in their Rh posi- 
tive offspring, and to discuss 2 mechanisms 
by which such apparent paradoxes could 
occur. 


Case Reports. Case 1. Mrs. T. is a 
31 year old para I, gravida II, Wassermann 


TABLE 1. 


BLoop Groups AND 


reaction negative. Her first pregnancy ter- 
minated in a criminal abortion at about 
2 months of pregnancy, 5 years ago. The 
second pregnancy was entirely uneventful 
and terminated by the mid-forceps delivery 
of a living 3980 gm. male infant on Oct. 9, 
1944. The infant appeared to be perfectly 
normal at the time of birth. The placenta 
weighed 690 gm., and was normal in appear- 
ance. On October 18, we received a sample 
of the mother’s blood for Rh determination. 
This blood was brought to the laboratory 
merely because it was hospital routine to do 
Rh determinations on all obstetrical patients, 
not because of any clinical indication for the 
determination. At this time we found the 
mother to be Group A Rh negative and to 
have Rh agglutination antibody in her serum 
(Table 1). A second sample of the patient’s 
blood obtained 2 days later, for checking, 
confirmed the findings on the original sample. 
Titration of the antibody in the second 
sample showed an anti-Rh titer of 1:4096. 
Incidentally, this is the highest titer we 
have observed in doing more than 2000 de- 
terminations for anti-Rh agglutinins. 

At the time the antibody was found in the 
mother’s serum, the infant was 10 days old. 
No blood studies had been carried out on the 
baby, but there had been no indication for 
these. In checking back with the pediatri- 
cian in charge of the case, as well as the 


ANTIBODIES OF THE T FAMILY 


Maternal 
Rh antibody 


Maternal 
Rh antibody 


Date Group Rh titer in saline* titer in serumT 

T. 3/10/45 A Rhi 
Baby T. 10/18/44 A Rhi 
Mrs. T. 10/18/44 A Neg. 1:4096 

3/10/45 1:32 

9/24/45 1:32 

1/19/46 1:32 1:256 

Maternal serum added to 2% suspensions of Rh positive test cells suspended in saline. Incubation. 


Re: j for agglutination. 
Maternal serum added to 2% suspensions of Rh positive test cells suspended in compatible serum. 
Ir ation 
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Read for ‘‘conglutination. 


327 


2d KARIHER, MILLER: EVIDENCE 


obstetrician and interne, nothing abnormal 
was noted concerning the baby at birth nor 
during the first 10 days of its life. The only 
finding was a note that the baby 


htly icteric on October 


positive 


was slig 14, the 6th 
day of life. This icterus had faded by the 
next day, and was interpreted as physiologic 


ji The baby was discharged home 
on its 12th day of life at which t 
ination was entirely normal. 
the infant at the 


me exam- 
The weight of 


time of discharge 


was 
4112 om., a gain above birth weight of 
130 on The infant was seen at frequent 


intervals from that time until it 
18 months of age, and seemed to be normal 
at all times. 

Ty ping ol the infant’s blood revealed it to 
be Group A Rh positive, and of the father’s 
blood revealed him to be Group A Rh posi- 
tive.* The titer of Rh agglutinin in the 
mother’s serum has fallen since delivery, as 
shown in Table 1. 

Admittedly the infant might have had 
subclinical hemolytic disease of the newborn, 
if such an entity exists. But, if one believes 
that disease is a definite morbid process hav- 


was over 


ing a characteristic train of signs and symp- 
toms, then this infant was normal. It ex- 
hibited pallor, hepatomegaly, 
splenomegaly, bleeding tendencies, abnormal 
weight loss, nor feeding difficulty, but rather 
appeared to be a perfectly healthy baby in 
every way. However, it must be admitted 
that no blood were on the 
infant, and also that icterus was present, 
but not until the 6th day of life, and lasted 
only about 24 hours. Certainly this would 
not be universally accepted as a sign of 
hemolytic disease of the newborn. The 
placenta was normal, and the ratio of its 
weight to that of the baby was normal, 7. e., 
3G. 

The reason for the extremely high agglu- 
tinin titer is not clear. The patient had had 
1 previous pregnancy, but this had been 
criminally interrupted at 2 months and hence 
it is unlikely that the mother received any 

' sensitization to the Rh 


amount ol 
through that She has 


edema, 


no 


studies done 


great 


factor 


pregnancy. 


blood samples on 


O} 


all 3 members of this family 


Mr. T.: 


MATERNAL RH SENSITIZATION 


never received blood intravenously nor 
intramuscularly. It is conceivable that the 
titer was not as high during the pregnancy 
as we found it to be 10 days postpartum 
Unger and Wiener? believe that at the tims 
of placental separation there is a sudder 
shower of fetal red cells into the materna 
circulation and that this is a potent factor 
in sensitizing the Rh negative mother against 
the Rh factor. If this hypothesis is true, 
we have then at least a partial explanatior 
for the high titer observed in this case. 

It is of interest to note that this patient's 
serum contained agglutinins of both the 
variety detectable in a saline system as well 
as the variety demonstrable in a serum or 
The latter variety was 
not tested for until over 1 year postpartum, 
but its presence at that time is certainly) 
indicative of its presence at the time of 
It is believed® that agglutinins of 
the variety demonstrable only in serum or 
albumin systems exert a much more serious 
effect on the infant than those of the simple 
variety. Yet this infant exhibited none of 
the characteristics of hemolytic disease of 


albumin system. 


delivery. 


the newborn. 

Mrs. M.f is a 22 year old para II, 
gravida III, with expected date of confine- 
ment Jan. 25, 1946, Wassermann reaction 
negative. Her first 2 pregnancies ended by 
the delivery of full-term normal infants. The 
patient had never been transfused. We first 
came in contact with the case on Dec. 4, 
1945. At that time we found the patient 
to belong to Group A and to be Rh negative 
(Table 2). In addition, Rh antibody of the 
type demonstrable in serum or albumin sys- 
tems was found in her serum in titer of 1:16. 
None of the simple variety of antibody was 
demonstrable. The rise in the former type 
of antibody titer is recorded in Table 2 
along with the subsequent appearance of the 
simple variety of Rh antibody and other 
pertinent findings. 

On Jan. 28, 1946, the patient delivered ¢ 
normal full-term infant weighing 3650 gi. 
The placenta was normal grossly and mic;0- 
scopically. 


CASE 2. 


were subsequently referred to Dr. Loui 
Group A Rh: homozygous. Baby T.: Group 
Specificity of Rh antibody from Mrs. T. 1: ol 


Diamond for checking and he reports as follows 
\ Rh: heterozygous. Mrs. T.: Group A Rh negative. 
Rho variety. 
We are indebted to Dr. Diamond for carrying out these tests. 


this case 


» are indebted to Dr. Floyd C. Bratt, Rochester, N. Y., for the opportunity of studying ‘his 
patient and to the Genesee Hospitai, Rochester, N. Y., for making available the hospital recor: 0 
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The baby was observed carefully during Lwubinski’ state that the amount of anti- 
the first 8 days of life and at no time was 
there any evidence of a hemolytic process 
present. Blood studies are shown in Table 3. 
There was no edema, pallor nor icterus. The 
infant took its feedings well, and was dis- pis 
charged home on its 8th day of life, weighing “0? for this variation. They also believe 
200 gm. below birth weight. Careful follow- that unknown factors in the fetus which 
up since that time has revealed normal they call “disposition” may be of im- 
progress. portance. 


body which passes through the placenta 
from the mother’s circulation into the 
blood stream of the fetus varies widely in 
different cases, but they offer no explana- 


2.—Btoop Groups aND ANTIBODIES OF Mr. aNnpD Mrs. M. 


Maternal Maternal 
Rh antibody Rh antibody 
Date Group Rh titer in saline* titer in serumT 
Mr. M 1/10/46 O Pos. 
Mrs. M. 12/ 4/45 A Neg. 1:16 
1/10/46 1:16 
1/22/46 1:1 1:32 
1/28/46 1:4 1:32 
3/13/46 1:16 
Pregnan 
No Year 
l 1943 3/13/46 O Pos. 
2 1945 3/13/46 O Neg. 
3 1946 1/28/46 O Pos. 


* 


Maternal serum added to 2% suspensions of Rh positive test cells suspended in saline. Incubation. 
Read for agglutination. 

Maternal serum added to 2% suspensions of Rh positive test cells suspended in compatible serum. 
Incubation. Read for ‘‘conglutination.’’? 


TABLE 3.—BLoop Srupies oN BasBy M (Case 2 


RBC Hb. Smear 
(mill. per (gm. per normoblasts 
Date c.mm.) 100 ex per 100 WBC) 
1/28/46 . 6.28 17.6 2 
1/29/46 . 8. 12* 25.8 1 
2/ 1/46 . 6 47 20 6 
2/ 5/46 6.10 16.7 
High levels probably due to dehydration. 
should be noted that the maternal serum There occurs to us 2 other possibilities: 


coutained Rh agglutinin of the typedemon- 1, Witebsky” has studied the occurrence 
strable only in serum or albumin systems of Rh silane in amniotic fluid and 
almost exclusively and it was not until about concludes that certain individuals are 
| week before delivery that any of the simple _ a . 
secretors of Rh and certain others are non- 
secretors. He bases this conclusion on the 
Discussion. The birth of normal Rh __ presence or absence of the Kh substances 
po: tive infants from Rh negative mothers in amniotic fluids. He reports 3 cases of 
w! have been sensitized to the Rh factor hemolytic disease of the newborn in which 
in he red cells of their fetuses can prob- the mothers were Rh negative, the infants 
ab! not be explained by our present Rh positive and were non-secretors of the 
kn wledge of the forces involved. Dock- Rh factor. Boorman and Dodd! have 
era and Sachs® state that perhaps the found the Rh substance in tissue cells as 


Rh antibodies pass the placental barrier distinct from the red blood cell. 


on in certain conditions changing during Maternal and fetal incompatibility of 
the -ourse of pregnancy. Goldbloom and _ the major blood groups is of very frequent 
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occurrence, yet hemolytic disease as a 
result of this incompatibility is quite infre- 
quent. The most logical explanation for 
this infrequency is that the vast majority 
of individuals (+80%) are secretors of 
the A or B factors and hence the antibody 
which the fetus obtains from its mother 
is to a large degree neutralized by the bulk 
of the body tissue, and only a relatively 
small amount is left free to react on the 
fetal red cells. 

If this same logic is applied to the cases 
under discussion, we might say that these 
babies were secretors of the Rh factor, and 
hence the reached 
them by way of the placenta were largely 
taken up by the bulk of fetal tissue, and 
such a small amount 
with the r 
not sufficiently damaged to result in hemo- 


Rh antibodies which 


remained to react 
' blood cells, that they were 
lytic disease. Unfortunately, no attempt 
could be made to study the amniotic fluid 
in either of the cases presented. 


2. Wiener" in describing his “conglu- 


tination”’ test states that it occurs in 
2 stages, and that a third component 


besides the Rh antigen and the specific 
antibody is necessary for the reaction of 
He describes this third 
component as a colloidal substance in the 


clumping to occur. 


plasma, possibly identical with the so- 
called X-protein, and calls it 
tinin.”” 


“conglu- 
He believes that in those infants 
which do not present signs of hemolysis 
for several hours or even days after birth, 
the not form until 
after birth, and that when it finally does 
form, the infant then shows evidence of 


“conglutinin” does 


hemolytic disease. 
By similar reasoning one might say that 


OF MATERNAL RH 


SENSITIZATION 


in certain cases when normal Rh positive 
infants are born to Rh negative mothers 
whose serum contains Rh antibodies, those 
infants are normal because the particular 
antibody in the maternal serum cannot 
react with the antigen on the fetal red cells 
because of the absence of the third neces- 
This 


could possibly be the explanation in the 


sary component, “conglutinin.” 
second case presented since only the “con- 
glutinating”’ type of antibody was present 
in the maternal serum until the last week 
before delivery at which time a small 
amount of the simple variety of antibody 
was also found. 

We believe that cases of the type de- 
scribed here and previously are of interest 
only to workers in the field. Obstetricians 
and pediatricians should continue in the 
belief that when Rh antibodies are found 
in the serum of a pregnant woman, that 
woman will probably deliver an infant 
with hemolytic disease. Believing this, he 
should do everything possible to lessen the 
severity of the disease in the newborn, 7. ¢., 
induction of labor when indicated, followed 
after birth by immediate and repeated 
transfusions of Kh negative blood to the 
infant, or by very close observation, in- 
cluding red blood cell counts and hemo- 
globin determinations twice daily for th 
first 5 or 6 days of life, then daily for the 
next week. 
not receive the mother’s milk. 

Summary. 1. Two cases are presented 
in which apparently normal Rh positive 
infants were born to Rh negative mothers 
whose sera contained Rh antibodies. 


These babies, of course, should 


2. Two possibilities to explain these 
unusual cases are discussed. 
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RESPONSE TO PENICILLIN BY A TYPHOID CARRIER 


STUDIES ON PENICILLIN SENSITIVITY OF STRAINS OF TYPHOID BACILLI 


By Ens. Naruan W. Riser, H(S) USNR 
Lr. Compr. R. F. Farrtnecron (MC) USNR 


AND 


Lr. Compr. B. B. Breese (MC) USNR* 


U. 8. NAVAL HOSPITAL, TREASURE 


ISLAND, SAN FRANCISCO, CALIFORNIA 


(From Epidemiology Unit 82) 


PENICILLIN now has become more read- 
ily available and recently it has been 
possible to treat 2 typhoid carriers with 
fairly large doses of the substance. It is 
believed that 1 of the patients, found to 
be a very definite gall bladder carrier, was 
apparently cured as the result of treatment 
while the other, whose focus of infection 
was not as definite, received only a tempo- 
rary effect. In an effort to explain this 
apparent cure with penicillin, a collection 
of various strains of Eberthella typhosa, 
including that of the successfully treated 
carrier, was analyzed for in vitro suscep- 
tibility to penicillin. It was possible to 
demonstrate some differences between the 
organism of the patient and those from 
other sources. Also, it is thought that the 
ibility of the liver to concentrate penicillin 
was responsible in part for the good result 
ichieved in the patient. 

The history and treatment of the patient 
displaying a good response is as follows: 


Case Report. Case 1. A. C., a Negro 
ale, age 31, was discovered to be a typhoid 
rrier following a routine check by rectal 
ab of food handlers on a Navy base. 
n investigation, it was found that he had 
en apparently involved in an outbreak of 
phoid fever in his home district of Louisi- 
ia in 1927 when he and members of his 
mily were ill at the same time with a 
sease known as “typhoid malaria.” He 
d an uneventful recovery, and believed 
mself entirely well thereafter. He held 
rious jobs as a laborer and enlisted in the 
ivy as mess steward in January of 1944. 


When discovered to be harboring E. typhosa 
he was working as a food handler in an 
officer’s mess, this being his first work in 
handling food. No typhoid fever had been 
found in any Naval personnel of the base 
and the man had not been on leave. Rectal 
swab cultures on bismuth sulfite or 8.58. 
agar taken at anytime showed almost pure 
cultures of typhoid bacilli, and bile cultures 
were also markedly positive, displaying pure 
growths of typhoid on each culture. Urine 
cultures were negative. 

A Graham test demonstrated reduced 
function of the gall bladder, with at least 
1 small calcified stone present but the patient 
reported no symptoms in the past suggestive 
of gall bladder disease. Because of the 
markedly positive bile cultures it was de- 
cided that his major focus of infection was 
in the gall bladder and operation was pro- 
posed. This was firmly refused by the 
patient. 

During the 4 month period prior to the 
institution of penicillin therapy, various 
recommended therapies had been attempted 
without success. A course of sulfadiazine, 
consisting of 32 gm. in a 5 day period, was 
given the patient, but there was no apparent 
effect, rectal cultures remaining positive 
during and after treatment. A 5 day course 
of gall bladder dye was then administered, 
but this also showed no effect on his positive 
cultures. 

When it was found by in vitro studies of the 
patient’s organism that complete inhibition 
occurred on blood agar plates with penicillin 
levels of 8 to 9 Oxford units per ec. of blood 
agar, penicillin therapy was administered 
according to the following dosage: 

While receiving penicillin, fluids were 


*Other members assisting were: Lt. (jg) F. 8. Greenspan, (MC) USNR; Lt. (jg) F. P. Ermilio, (MC) 
NR; Lt. (jg) F. G. Schiro, (MC) USNR; Lt. D. L. Truax, H(S) USNR; Lt. (jz) T. D. Brown, H(S) 


NR; Lt. (jg) M. Hessney, H(W) USNR; Ens. 
M 2/e F. W. Elias; PhM 3/c D. Morrison. 


A. J. Johnson, H(S) USNR; PhM l/c D. A. Treat; 
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limited to 800 ce daily 
allowed to have the regular hospital diet. 
After 2,350,000 units of penicillin had been 
period the 
patient refused to go on with treatment. 
He was returned to duty and observed but 


and the patient was 


administered over a 7 day 


was not allowed to handle food. Since the 
termination of penicillin treatment the pa- 
tient has been asymptomatic and _ has 
remained free of typhoid organisms. He has 
now shown negative rectal cultures for a 
period 5 months. Cultures of bile were 


negative for typhoid 2 and 5 weeks after 
Rectal swab cultures 
markedly positive for 
E. typhosa during the 4 month period while 


the end of treatment. 


always had been 


he was under observation prior to receiving 


tectal swab examinations were consis- 
tently positive for typhoid. A bile examina- 
tion revealed only 4 to 5 colonies of typhoid 
per cc. of bile and there was some doubt as 
to whether or not he was a gall bladder 
carrier. Penicillin sensitivity tests were car- 
ried out with this strain as recorded in 
Tables 3 and 4, and he was later placed on 
the following régime of penicillin therapy as 
a trial. 

Unfortunately, orders to limit the patient’s 
fluids to 800 ec. daily were not carried out 
and the patient drank a normal intake each 
day. 

After receiving 3,450,000 units of penic- 
illin over a 9 day period this patient showed 
negative cultures temporarily (7. e., for a 
period of 1 week) but cultures later became 


PaABLE 1.—INHIBITION OF GROWTH BY PENICILLIN (CASE 1 
( ires 
Total daily dose 
I) D Oxfor inits Rectal swab I Urine 
12/ 7/44 8 Pos 2 Pos 1 Neg 
4/11/45 
4/1145 200.000 
4/12/45 100,000 
1/13/45 100,000 Less than 5 col- 
onies pel plate 
4/14/45 100,000 “ 
$/15/45 100,000 
1/16/45 100,000 Neg 
i $/17/45 150,000 
Total 2 350.000 
l 4/23/45 
7 4/27/45 
at 1/45 Neg Neg 
J ) 15 15 Neg 
5/29/45 Neg. 
Neg. 
101 7/20/45 
137 8/25/45 
* 50,000 units intramuscularly every 3 hours. 
Case 2. This case reported having had positive and have remained so. Since it wa 


typhoid fever 3 years ago. This man, H. B., 
a 25 year old German prisoner of war was 
first discovered to be a typhoid carrier dur- 
ing an outbreak of typhoid fever in a prisoner 

After an investigation had 
been made, it was concluded that he was 


responsible LO! 


ol war camp. 


3 eases of typhoid fever in 
his fellow prisoners, with 1 of the cases 
ending fatally. The original infection of the 
carrier was contracted while he was fighting 
on the German Front in Russia. Since then 
he had believed himself well and, before 
the present outbreak, had noted no cases 
of typhoid in his vicinity. 


necessary to transfer the patient to anoth« 

hospital, he was no longer available for a r 
trial with penicillin. Further attempts at 
therapy using a longer period of administr 

tion of larger doses of penicillin were felt t 

be probably justified, because of the temp 

rary negative cultures found. 

The possibility was considered th 
strain variation in susceptibility of / 
typhosa might exist and that, if such we 
found, a possible explanation would | 
available for the apparent cure of 1 of t! 


carriers. In vitro studies were made on 
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group of various strains of typhoid organ- 
ists. 

Eight different strains of E. typhosa 
were obtained and simultaneous evalua- 
tion made for the effect of varying con- 
centrations of penicillin upon 24 hour 
broth cultures of the different crganisms. 
None of the patients furnishing the strains 
had ever received penicillin. 


TaBLE 2.—INHIBITION OF BACTERIAL 


BY A TYPHOID CARRIER 33: 


ganism from a urinary carrier; E: labora- 
tory strain; F: laboratory strain.) 
There is a definite difference noted in 
strain susceptibility to penicillin, especially 
when the higher concentrations of penic- 
illin are added to broth cultures, but it is 
presently unknown whether or not these 
inhibitory concentrations of penicillin ever 
could be attained in a human gall bladder 


GROWTH BY PENICILLIN (CASE 2) 


Cultures 
Total daily dose ——— 
Day Date (Oxford units*) Rectal swab Bile Urine 
0 8/14/45 ae 2 Pos. Pos. Pos. 
1 8/24/45 250,000 
2 8/25/45 400,000 Pos. 
3 8/26/45 400,000 os 
} 8/27/45 400,000 
5 8/28/45 400,000 Pos. Neg 
6 8/29/45 400,000 Pos. 
7 8/30/45 400,000 Neg. 
Ss 8/31/45 400,000 = 
9 9/ 1/45 400,000 
Total: 3,450,000 
10 ; 9/ 2/45 
13 ; 9/ 5/45 
20 9/12/45 Pos. 
21 9/13/45 
22 9/14/45 


50,000 units intramuscularly every 3 hours. 


TABLE 3.— DEGREE OF GROWTH* oF TyPHOID BACILLI IN BrotH CONTAINING VARYING 


AMOUNTS OF 


xford units of 
enicillin per 


of broth H. B.t A.G. 

0 4 4 4 

5 4 4 4 
10 3 3 3 
15 2 3 3 
25 2 1 2 
30 2 1 2 
50 1 1 1 


Degree of growth in broth graded 1 to 4. 
‘rganisms from carrier successfully treated. 
irganisms from carrier showing only temporary 


rigin of typhoid strains: A. C.: 
phigetype “A” strain from typhoid car- 
rie. who, under treatment, made a favor- 
ab response to penicillin; H. B.: strain 
fro. German P. O. W. carrier unsuccess- 
ful treated with penicillin; T. B.: strain 
ro. mild case of typhoid fever in German 


P W. outbreak; A. G.: strain from 
Ge nan P. O. W. dying of typhoid fever; 
( hagetype “C” from carrier; D: or- 


PENICILLIN 


D. E. F. 
4 4 4 i 4 
4 3 4 3 4 
3 2 4 2 4 
3 2 4 2 4 
1 1 3 1 2 
2 1 3 1 1 
1 1 2 1 1 

response. 


‘arrying typhoid organisms. It is of 
interest, however, that while one gall blad- 
der carrier, A. C., received apparent bene- 
ficial effect from penicillin, his organism 
by this type of im vitro examination dis- 
played no startling difference from that 
of the resistant carrier, H. B. 

The incubation of tubes of broth and 
penicillin that have been inoculated with 
typhoid organisms clearly does not repre- 
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vivo methods; much, therefore, 
remains conjecture. <A different method 
of demonstrating strain variation consist- 
ed of inoculating a loopful of a 24 hour 
broth culture of a particular strain upon 
the surface of a blood agar* plate contain- 


sent in 


ing various amounts of penicillin. 


TABLE 4 


FARRINGTON, 


BREESE: 


far above that obtained therapeutical 
might be needed for microscopic inhibi- 
tion of broth cultures of typhoid, smaller 
concentrations of penicillin would. still 
cause microscopic changes in the appear- 
ance of the organisms, even though the 


organism survived. Exposure of broth 


GrowtTH* oF STRAINS OF TYPHOID BAcILLI ON BLOOD AGAR PLATES CONTAINING VARYING 


AMOUNTS OF PENICILLIN 


Oxford units per 


ce. of blood agar BF A. 
2 1 
5.0 2 3 
5.3 l 4 
6.8 1 2 
1 l 
8.4 1 0 
9 0 0 0 
9 8 0 


* Degree of growth graded from 1 to 4. 


t Organism from carrier successfully treated. 


In this series it is of interest to note 
that much smaller amounts of penicillin, 
when in a blood plate, cause total inhibi- 
tion of growth. However, the same rela- 
tive difference in strain susceptibility was 
again noted. The “D” strain proved the 
most resistant and the “E” strain the 
most sensitive. The “A. C.” strain, from 
the carrier successfully treated with penic- 
illin in both series, demonstrated a sensi- 
tivity in the middle ranges, but when on 
a blood plate it appeared somewhat more 
sensitive than the organism of the carrier 
H. B., the latter displaying only a tempo- 
rary response to treatment. 

Comment. It has been stated?? that 
penicillin is ineffective in the treatment of 
typhoid fever and other infections with 
gram negative bacilli, but in the asympto- 
matic and persistent carriers of typhoid 
organisms, and especially in those indi- 
viduals who possess a focus of typhoid 
infection in the gall bladder, factors may 
be present which allow a response to the 
effect of penicillin. 

Abraham and Florey! in early work with 
penicillin reported an interesting effect on 
typhoid and other organisms. They found 
that, though a concentration of penicillin 


G D. E. I 

3 4 l 

4 1 1 1 3 
1 0 4 0 

2 0 2 
1 0 ] 
1 l 1 0 

0 0 0 0 

0 0 0 0 


t Organism from carrier showing only temporary response. 


cultures to dilutions of penicillin contain- 
ing a concentration one-sixth that of the 
total inhibiting dose would bring about 
definite microscopic changes in structure 
and it was intimated that possible thera- 
peutic effects might be obtained by these 
Hobby? 


was able to demonstrate a relative sensi- 


same high dilutions of penicillin. 


tivity of typhoid organisms to penicillin 
and Thomas?’ observed unusual structural 
forms of gram negative bacilli after expos- 
ure to dilutions of penicillin greater than 
those needed for complete bacteriostas 
Steiner’ also described considerable varia- 
tion in sensitivity to penicillin of various 
gram negative bacilli. 

The findings by Abraham and Florey,’ 
that higher concentrations of penicillin 
occurred in cat’s bile than in the blood 
serum of the animal, suggested that a 
beneficial effect might be obtained in 
treating gall bladder typhoid carriers with 
penicillin. Rammelkamp® was able to 
show that penicillin was present in human 
bile in higher concentrations than in blood 
serum and concluded that penicillin is 
perhaps concentrated by the liver. Such 
a concentrating power might possil)ly 


allow effective penicillin levels to be 


* Nutrient agar plus 10% by volume of defibrinated sheep’s blood made up as a pour plate. Penic- 


illin added prior to pouring plate. 
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reached in treating gall bladder typhoid 
carriers. 

Considerable work has appeared demon- 
strating variations susceptibility to 
penicillin of strains of staphylococci and 
other organisms. The susceptibility of 
certain strains of the typhoid bacillus as 
demonstrated above could be a third fac- 
tor for the successful treatment of a ty- 
phoid carrier, especially one whose infec- 
tion is primarily in the gall bladder. 
However, it is presently unknown whether 
or not the inhibitory concentrations of 
penicillin required for susceptible strains 
as demonstrated by in vitro methods could 
ever be attained in a human gall bladder. 

Still another factor that might be re- 
sponsible for a penicillin effect on typhoid 
organisms would be the presence in certain 
lots of ordinary commercial penicillin of 
unusual amounts of substances of the 
streptomycin type, or related groups. The 
penicillin treating the carrier 
“A. C.”? was manufactured by the Cutter 
Company and was produced by the shallow 
flask method. 

It is admittedly very difficult to deter- 


used in 


BY A TYPHOID CARRIER 335 


mine when a typhoid carrier is cured, but 
in the patient A. C. mentioned above, 
there has been an apparent response to 
penicillin therapy which has persisted for 
5 months. Carriers have relapsed after 
such an interval but the response made, 
even if in only 1 patient, justifies further 
trials with similar therapies on larger 
groups of patients. 

Summary and Conclusions. 1. A ty- 
phoid carrier of the gall bladder type made 
a response to large doses of penicillin and 
has remained free of typhoid bacilli for 
5 months. 

2. A second typhoid carrier similarly 
treated with penicillin made only a tempo- 
rary response. 

3. Among the strains of typhoid organ- 
isms tested, strain variation in suscepti- 
bility to penicillin was found to occur and 
this variation was not the result of previous 
treatment with penicillin. 

4. Large doses of penicillin may be con- 
sidered to be of value in the treatment of 
the typhoid carrier, but possibly only in 
the gail bladder type of carrier who has an 
organism sensitive to penicillin. 
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BACTERIOLOGIC, CLINICAL AND PATHOLOGIC EXPERIENCE WITH 
86 SPORADIC CASES OF SALMONELLA INFECTION* 


By Atrrep AnGrist, M.D. 


AND 


Mo.wov, B.S. 


JAMAICA, LONG 


ISLAND, NEW YORK 


(From the Department of Pathology, Queens General Hospital 


At the Queens General Hospital, 86 
cases of Salmonella infection have been 
found since 1941, from which 21 different 
species of Salmonella have been isolated. 
The distribution, the type of syndrome, 
the severity and the sources of the various 
species are indicated in Table 1. The 
species with the highest incidence, S. typhi 
muriumM, Ss. chol suis, and S. oranw nbe rq, 
accounting for 11, 20 and 16 cases respec- 
tively, showed interesting differences as to 
source, severity of symptoms, the absence 
of symptoms, or the development of the 
carrier state. There were 13 deaths, with 
9 autopsies. Of the 86 cases, 19 had gas- 
tro-intestinal symptoms, 9 had _ general 
symptoms only, and 27 had both gastro- 
intestinal and general toxic manifestations. 
In addition to the 13 patients who died, 
22 patients were severely ill and almost an 
equal number, (21) had only mild symp- 
The microédrganisms were recovered from 
toms. the stool in 70 instances, from the 
blood in 11, and from the urine in 3, the 
others representing double infections. 


Method and Material. The method for 
isolating enteric pathogens has been in use 
in this laboratory since 1941, and has been 
described by Mollov et al.’ Inoculations 
were made simultaneously on one plate of 
5.5. agar, on plated MacConky media and 
in one tube of tetrathionate broth. Growth 
from this last was subcultured on MacConky 
agar only. From each plate, 2 to 4 of each 
type of non-lactose fermenting colonies were 
subeultured to Krumwiede triple sugar 
slants. One positive or suspicious slant 
from each case was studied for detailed fer- 
mentation reactions. All Shigella species 
were identified serologically and checked by 


the New York City Department of Healtl 
After biochemical fermentation determina 
tions, the Salmonella were identified ser: 
logically by the Beth Israel Hospital Sal 
monella Typing Center. 

A total of 3206 stools were examined 
752 from hospitalized patients with intes- 
tinal disorders, and 2454 specimens fror 
dietary workers, nurses and interns, all 
apparently in good health. 

During this 4 year period, typhoid bacilli 
were isolated 19 times; 16 from patients ill 
with the disease and 3 from carriers (2 con- 
valescent—1 for 30 years; and 1 a healthy 
carrier). 

In most of the individuals from whom a 
species of Salmonella was isolated, more 
than 1 positive stool was obtained, the 
average being 3 positives. Of the 86 indi- 
viduals harboring Salmonella microérgan- 
isms, 55 were hospital patients (27 females 
and 29 males), and 30 were from the sur- 
veyed dietary workers, nurses and interns 
Of these, only 2 were males while 28 were 
females, because of the predominance of 
female nurses in this latter group. 

Stools were studied routinely while blood 
and urine cultures were made only when 
particular indications existed. 


Cultural and Clinical Findings. A wide 
range of Salmonella species was implicated. 
In general, the gastro-intestinal syndrome 
was most frequent, and the microérgan- 
isms were found most often in the fec« 
The variations in the syndromes and in 
their severity were remarkable when t 
infections were due to different speci 
but were also quite marked when differ 
cases of infection with the same specics 
were compared. The clinical variations 
were also found in instances when sever! 


* Presented before the New York State Association of Public Health Laboratories in Albany, Nw 


York, on Nov. 2, 1945. 
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simultaneous infections in several mem- 
bers of a family with the same organism 
occurred. Only 3 species, S. typhi murium, 
S. cholere suis and 8S. oranienberg, offer 
sufficient instances for any generalizations 


whatsoever. 


terium was recovered from 1 stool only. 
In interpreting the cultural findings, it 
must be realized that routine blood and 
urine cultures were not taken in most 
cases. 


In general, there is a tendency for cer- 


TABLE 1.—CLASSIFIED CLINICAL AND PaTHOLOGIC Data IN SPORADIC SALMONELLA INFECTIONS 
Syndrome 
: Severity Source of culture 
eases G.I. General Both Carrier Mild Severe Death Blood Feces Urine 
S. typhi (E. typhosa) 19 1 9 6 3 2 13 1 11 19 1 
S. cholera suis with var. 
Kunzendorf 2 11 0 6 5 0 0 r 4 8 1 2 
S. typhi murium 20 3 3 5 5 5 5 2 19 1 
S. orantenberg 16 3 0 2 Ss 3 2 0 1 12 0 
S. derby 5 0 0 0 5 0 0 0 0 5 0 
S. newport 5 1 0 2 1 3 0 1 0 4 0 
S. urbana 2 2 0 0 0 l 0 1 0 2 0 
S. schottmulleri (Para B) 2 0 0 2 0 0 2 0 0 2 0 
. give 2 1 0 1 0 0 2 0 0 2 0 
S. montevideo 3 0 0 1 2 0 0 1 0 3 0 
S. bareilly 1 1 0 0 0 1 0 0 0 1 0 
S. london 1 ] 0 0 0 l 0 0 0 1 0 
Ss. Thompson l 0 0 l 0 l 0 0 1 0 
S. oregon 1 ) 0 1 0 0 1 0 0 1 0 
S. panama 4 1 0 2 1 1 2 0 0 4 0 
Ss. anatum 1 0 0 l 0 0 0 0 1 0 
S. lichtfeld 1 0 0 1 0 0 0 1 0 1 0 
s.7 wrbificans bovis 6 4 0 4 0 0 0 6 0 
ienchen l 0 l 0 0 1 0 
S. manhattan 1 0 0 0 1 0 0 0 0 1 0 
S. newington 1 0 0 0 1 0 0 0 0 1 0 
Ss nnesota 1 1 0 0 0 l 0 0 0 1 0 
I s* 86 19 i) 27 27 21 22 13 11 70 3 


Exclusive of S. typhi. 


‘. oranienberg presented the mildest 
syndromes, with 11 carriers giving no 
symptoms at all, and 3 presenting a mild 
picture with gastro-intestinal symptoms 


or Two cases of S. oranienberg infection 
did present some toxic general manifesta- 
tic but there were no deaths. Most of 
the severest illnesses were found in cases 
of '. cholere suis. All 11 of these cases 
shoved toxie general manifestations, 5 
Wit’ gastro-intestinal symptoms. There 
wer 4 deaths, and the remaining cases 
Wer’ severe in this group. There were 
‘co es of positive blood culture with the 
latt'» microdrganism, while only 1 posi- 
tive ulture was obtained from the blood 
wit) the S. oranienberg infections. This 
mic) organism was isolated in 12 instances 
fron. the stool, in contrast to the cases of 
S. 


ere suis infection, where the bac- 


tain species to produce a more or less 
characteristic and typical syndrome. Al- 
lowing for some exceptions and variations, 
S. cholere suis seems to cause the picture 
of sepsis with greatest uniformity, with 
and without “seeding foci” (Bornstein*). 
S. oranienberg shows a definite tendency 
to produce a milder clinical picture, or 
absence of all symptomatology in the form 
of the “ The gastro-intes- 
tinal picture with diarrhea or vomiting is 
the usual form that symptomatic infection 
with this organism assumes (Seligman, 
Saphra and Wassermann;' Sachs and 
Antine; Jager and Lamb‘). 

S. typhi murium occupies a position in 


carrier state.” 


between S. cholere suis and S. oranienberg 
in all of its manifestations and in its 
In the 20 instances of S. typhi 
murium infection, the observed features of 


severity. 
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the illness suggested an intermediary posi- 
tion from the standpoint of severity, the 
tendency to intestinal symptoms, and the 
tendency to invade the blood stream or 
to remain within the intestinal content. 
Thus, 5 of the 20 cases were asymptomatic 
carriers, only 3 presented general septic 
symptoms alone, while 9 showed gastro- 
intestinal manifestations with accompany- 
ing general toxic symptoms. The micro- 
organism was recovered from the feces in 
19 cases, from the blood in 2 cases, and 
once from the urine. 

Pathology. Nine of the 13 patients who 
died came to autopsy, representing the 
The post- 
mortem data will be found in Table 2 


largest group as yet reported. 


One death, not coming to autopsy, was a 
Medical Examiner’s problem in a 2} 


year 
old child, admitted for extensive burns 
involving 63% of the body, who devel- 
oped diarrhea after 3 weeks in the hospital, 


TABLE 2.—A 
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while apparently doing well. Blood cu 

ture yielded S. typhi murtum. The patient 
developed a high temperature with con- 
vulsions, and died within a few days. This 
case may represent the activation of a 
latent carrier state or an infection acquired 
while on the ward, though a careful sur- 
vey for potential carrier sources among 
the hospital personnel was unavailing. Of 
the 3 remaining patients who died and 
1 had 


clinical pyelonephritis with S. cholerx suis 


were not examined at autopsy, 
in the urine; a second was an infant with 
congenital heart disease who developed 
an upper respiratory infection and diar- 
rhea with S. urbana in the stool; and the 
last was a case of Wernicke’s syndrome 
with advanced cirrhosis of the liver, in 
whom the infection may well have been a 
The data 
from these unautopsied cases are given in 


Table 4. 


terminal blood stream invasion. 


FINDINGS IN Deatus WitTH Positive SALMONELLA CULTURES AT 
QUEENS GENE 


RAL HosPITAL 


Case No A ge Culture Source Syndrome Pathology and diagnosis 
l A-42-242 21 S.typhimurium Stool, ulcers, G.I., acute appendicitis IT yphoid-like ileocolitis with 
peritoneum operated hyperplastic Peyers patches 


2 A-41-489 33 S.typhimurium Stool, blood, G.I 
spleen, thigh, 
throat 

A-45-218 18 S.typhimurium Blood, lung, 

mos stoo 


4 \-44-49 68 S. cholera suis Kidney pus 


shock 


Diarrhea, then convulsions, 
coma, high temperature 
Cardiac and cerebral with 


Sepsis, with cellulitis of tl 
hyperplastic mesenteric nodes 


, diarrhea, chill with 


Hyperplastic Peyers patches 
mesenteric nodes, bactere 
Suppurative pyelonephritis 


and blood coma (uremia?) 
5—A-43-477 9 S. cholera suis Blood Cerebral meningeal and Chr. cholangitis with b 
then encephalic cirrhosis; hyperplastic P+ 
patches 
6—A-43-27 26 S. cholera suis Stool G.I. diarrhea with bleeding Chr. active ulcerative colit 
7—A-44-135 46 S. lichtfeld Stool, bile, G.I., typhoid-like Marked gastritis and br« 
stomach pneumonia 


8—A-44-226 60 S. newport Pericardium 


9 A-41-455 1 ; S. montevideo Stool G.I. 
mos. 


AUTOPSY 


Source 


Chest pain 


Suppurative pericarditis, 
angitis 

diarrhea G.I. tract negative; bror 

pneumonia and premat 


coma, diabetic 


Finpines IN 8S. TypH1 Murium Cases oN Fixe at Beta 
SALMONELLA T 


YPING STATION 


Syndrome Pathology 


l 74 M_ Spleen, bone G.I., diarrhea, splenic tumor, Infected dissecting aneurys 
severe anemia aorta with regional osteomy!itis 
chronic cholangitis with cirrhos!s 
2 . Stool G.I., diarrhea Acute arteritis, bronchopneumonia 
3 66 M_ Stool, from all path. G.I.—severe diarrhea, vomiting, Pus filling gall bladder and in right 
sites collapse ureter, petechie in ileum and 
sigmoid 
4 49 | Urine, spleen and G.I.—outbreak of food poisoning Pus in urine, kidneys enlargé 
intestinal wall with vomiting and diarrhea, : 
uremia 
) 5 F Stool, blood G.I.—diarrhea, vomiting Thrombophlebitis with sepsis after 
wks, intravenous 
6 62 M_ Blood and _ mitral Fever only, no G.I. Endocarditis 
valve 
7 6 M_ Blood(Pn.IV),then G.I.—otitis with meningitis, then Possibly pneumonia ? 
mos. Typhi murium diarrhea 
8 s F Stool and blood G.I.—diarrhea, pneumonia No data 
wks 


Blood and spleen G.I. 


vomiting and diarrhea 


No data 
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In general, the lesions found in the 
patients who came to autopsy presented a 
localization in the gastro-intestinal tract in 
5 cases, with 2 instances of chronic chol- 
angitis in addition (Cases 5 and 8); locali- 
zation in the kidney in 1 case (Case 4); 
and involvement of the respiratory tract 
i It will be 
noted that 3 S. typht murium cases came 
to autopsy, with a septic picture in 2 of 
them and a typhoid-like picture in 1 
Case 1, Figs. 1, 2, 3 and 4). In none of 
these 3 cases did there exist independent, 
obviously preéxisting pathologic lesions of 
sufficient magnitude to be significant in 
the mechanism of death. The Salmonella 
infections in the non-autopsied cases may 
well represent the insignificant incidental 
states, though the acute final episode sug- 
gests that the Salmonella infection was a 
Salmonella infec- 
tion was the direct primary cause of death 


in 2 cases (Cases 3 and 6). 


lethal terminal event. 


in all the cases coming to autopsy. This 
In general, 
one is impressed by the mimicry of the 
different clinical forms and_ pathologic 
states of typhoid, and by the not infre- 
quent severity of the infection. 


fact is significant of itself. 


again prominent. A further analytical 
discussion of this group would be repeti- 
tious. Only 2 of the cases showed general 
symptoms of sepsis only. The remaining 
15 cases showed some gastro-intestinal 
symptoms along with severe general toxic 
manifestations. Others showed gastro- 
intestinal symptoms only, but this would 
hardly be expected often, since the group 
is a select one of cases severe unto 
death. 

The first autopsy of this series (Table 2) 
was performed by Dr. N. Mitchell in 
1941 on a patient who was operated upon 
for acute appendicitis and died of perit- 
onitis. At autopsy, this patient showed 
the typical morphologic picture of typhoid 
fever (Figs. 1, 2, 3 and 4). The micro- 
organism cultured from several sites was 
A few months later, 
another patient was admitted with a 
clinical picture of typhoid fever, and 
from his blood stream S. typhi murium 
was also isolated. At autopsy, this second 
case failed to show the characteristic 
hyperplastic lesions in Peyer’s patches, 
though the mesenteric lymph nodes were 
hyperplastic (Case 2, Fig. 5). In a third 


S. typhi murium. 


CLINICAL DIAGNOSES IN SALMONELLA DeatTHs WitrHouT AUTOPSY AT QUEENS 


GENERAL HospPITAL 


TABLE 4, 
( No A ge Culture Source 
W.) 48 S.typhimurium Blood 
2 [. P.) 2 S.typhimurium Stool 
G.) 69 8S. cholera suis Urine 
4 4 4 8S. urbana Stool 


mos. 


studied the clinical course of 17 
S. ‘ypht murium deaths encountered by 
the National Salmonella Center at Beth 
Is1 Hospital. The records of this 
group of cases were generously made 
avaliable by Dr. Seligmann. The avail- 
able findings in the 9 cases studied at 
autopsy are given in Table 3. For the 
entire 17 cases, a total of 14 positive cul- 
tures were obtained from the blood, 5 from 
the ‘eces, 3 from the spleen, 2 from the 


urn’, 2 from the intestinal wall, and 
leah from the liver, gall bladder and 
mit valve. The septic picture was 


Coma, peripheral neuritis 
Diarrhea; convulsions 
Uremic and cardiac 


Bronchitis with diarrhea 


Diagnosis 

Cirrhosis of liver with Wernicke’s syn- 
drome 

Extensive first and second degree burns 
with diarrhea 3 wks. after admission 

Hypertensive heart disease; pyelo- 
nephritis (?) 

Congenital cardiac with cyanosis 


Syndrome 


case, that of an 18 month old child who 
was thought to have encephalitis because 
of coma and convulsions, hyperplastic 
Peyer’s patches and mesenteric nodes, 
without ulceration of the gastro-intestinal 
tract, were found. The other instance in 
which hyperplastic Peyer’s patches were 
found at autopsy represented an infection 
with S. cholera suis. The patient was a 
9 year old child with chronic cholangitis 
with biliary cirrhosis. In 1 case in which 
a clinical diagnosis of typhoid fever was 
made, there was only marked gastritis 
(Case 7, Fig. 6), with no changes in 
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Fic. 1.—Case 1. The cecum and small intestine showing hemorrhagic hyperplastic Peyer's patches 
(Approx. 


and lymphoid tissue and superficial ulcers of ileum and cecum. 


Fic. 2,—Case 1, Minute ulceraticn of large bowel showing fibrin and predominant mononucle 
exudate. (Low power; approx. x 40.) 
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Peyer's patches; S. lichtfeld was isolated. 
The remaining autopsies showed no mor- 
phologie alteration in the gastro-intestinal 
tract (Table 2). 

\utopsy disclosed only 2 cases with 
hyperplasia of Peyer’s patches (Cases 1 
and 3), identical to that seen in typhoid 
fever. Study of the autopsied cases, how- 
ever, emphasizes the frequency of blood 
stream invasion and sepsis in the fatal 
In the few cases where a routine 


Cases. 


blood culture was taken clinically in this 
group, the significant microérganisms were 
found. One case showed ulcerative col- 
itis. In general, these, as well as other 
morphologic lesions which were found, all 
speak for bacteremia. The septic clinical 
picture associated with the typhoid-like 
syndrome encountered in Cases 1, 2, 8 
and with the respiratory tract involve- 
ment in Cases 8, 10, 11 and 12, all favor 
an existing bacteremia, despite the ab- 


> 


; 3.—Case 1. Region of Peyer’s patch showing prominent mononuclear exudate and fibrin, 
(Medium power; approx. 40.) 


Fi Case 1. 


Higher magnification showing gharacteristic mononuclear exudate. (High power; 
approx. X 320.) 


Sins 
4 } j 2 
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sence of proof by positive blood cultures 
in many instances. Such bacteremias are 
known to occur quite regularly in cases of 
typhoid and pneumonia. 

Most of the severe and nearly all of 
the fatal cases presented a septic picture 
with bacteremia as shown by blood cul- 
ture. The fatal which blood 
invasion demonstrable 


cases in 


stream was not 
represented sudden deaths with inadequate 


study, young children or newborn nursery 


SALMONELLA INFECTION 


victims. The tendency to belittle Sal- 
monella infections is not justified by the 
often the 


In Case 8, there was a localiza- 


clinical course seen in very 
young. 
tion of such a blood stream infection in 
the pericardium (Fig. 7), and a cholangitis, 
with S. newport recovered from this site. 
This, of course, implies a passive blood 
stream invasion, with the biliary tract as 
a seeding focus in this instance. 

The known 


blood stream invasion in 


Case 2. 


mucosa. 


Ileocecal region showing hyperplastic hemorrhagic mesenteric nodes and congested 
yper} 
(Approx. X 


1 
5.) 


6.—Case 7. 


Stomach showing marked acute diffuse gastritis. 


(Approx. X }.) 
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experimental Salmonella infection studies, 
and its independence of the portal of 
entry, parallels these observations. In 
the experimental animals, bronchitis and 
bronchopneumonia and cholangitis are 
The pathogenesis of the 
enteric lesions as indicated by the experi- 
work of Orskov and co-work- 
Seiffert and co-workers,'® Takita,!* 
Waldman," *° and Miiller® renders the vari- 
mutable clinical 
Much of the experi- 
mental work was carried out with S. typhi 
It was established that 
the microérganism very rapidly invaded 


very common. 
mental 
able localization and 
picture explicable. 


murium in mice. 


animals, to be presented in detail else- 
where, nearly all lesions seen in the human 
autopsy series were encountered. The 
typhoid lesions in the gut could be pro- 
duced with regularity by controlling dos- 
age and method of administration. The 
cholangitis, and the lymph node and 
spleen involvement were common. The 
kidney localization did not seem to occur, 
though others have noted this finding. 
The only instance in the literature in 
which the typhoid-like morphology of the 
Salmonella lesions in a human case was 
adequately described was reported by 
Neesen and Merkel,’ who found 1 such 


Fic. 7.—Case 8. 


the blood stream, to be excreted in the 


bi The lesions in the gastro-intestinal 
tra t, with the localization in lymphoid 
nov ules and Peyer’s patches, really repre- 
sen’ secondary lesions, rather than a 


pri iary portal of entry as first considered. 
It. this period of early or immediate gen- 
era zation, with its immunologic signifi- 
care, that gives the opportunities for the 
var ations encountered. 

a report on experimental studies in 


Showing fibrinopurulent pericarditis. 


(Approx. X }.) 


case in a group of 4 deaths due to para- 
typhoid Breslau (old terminology for S. 
typhi murium). 

It was felt that this tendency to localiza- 
tion in the Peyer’s patches in the intes- 
tine might be accountable on the basis of 
strain variation. To test this hypothesis, 
several strains of S. typhi murtum were 
fed to laboratory animals: at first guinea 
pigs, rats and mice, and then guinea pigs 
and mice only. In all, 6 strains of S. typhi 


i 
Al = 
fe 
ore. \\ 
> 
+ 
—— y 


344 ANGRIST, MOLLOV: SALMONELLA INFECTION 


murium were used for this purpose (Grier, 
Thomas, 1182 B.I., Kaufman, B.I. 43930 
N.Y.S. lab., Williams). The initial group 
of guinea pigs fed the strain of micro- 
organisms recovered from this initial case 
(Grier) showed remarkable localization of 
involvement in the region of Peyer’s patch- 
es and mesenteric lymph nodes, in con- 
trast to some of the other strains used for 
comparison (43930, Williams). The find- 
ings in the remaining viscera are not being 
considered here but showed the corre- 
typhoid-like 


These original observations have not been 


sponding visceral lesions. 
corroborated and have been corrected by 
subsequent experiments in guinea pigs, 
which showed that several other Salmon- 
ella strains (S. typhi murtum, Kaufman 
B.I., enteritidis and Thomas) can produce 
such lesions. The detailed analysis of our 
correlate serologic antigenic 
structure with the form of reaction will 
be given separately. 


failure to 


It may be stated 
that the method of administration is most 
important, and that placing favorable 
doses of organisms in the food favors 
localization of the lesions in Peyer's 
patches 
Biology. 
monella group show a remarkable selective 
specificity for particular hosts while others, 
though they have preferential hosts, may 


Several members in the Sal- 


also infect other species, but usually pro- 
ducing a milder infection. A microérgan- 
ism like S. typht muritum has a wide host 
range with a wide variation in reaction 
and symptomatology extending from the 
carrier state to fulminating infection with 
death. 
widespread in nature with the widest range 
of pathogenic adaptability to multiple 
hosts. The phenomena of variation and 
adaptation for bacteria are best studied 


This bacterium has become most 


in this group (Savage). The general 
intermediary position of S. typhi muriwm 
infections between the septic picture of 
S. cholera suis and the enteric picture of 
S. oranienberg was obvious in our own 
clinical material by the numerical inci- 
dence of the characteristic clinical features, 


and from the standpoint of general clinical 


impression, as well as by the morbid 
changes and the laboratory data. Our 
experimental studies confirm the ready 
adaptation of this organism for the study 
of the multifarious forms of reaction of the 
enteric group. 

The members of Salmonella group show 
interesting serologic relationships to known 
pathogens such as EF. typhosa as well as 
to variants of the originally non-patho- 
genic B. coli group (Saphra and Silber- 
14) 


berg A complete analysis of our own 


unavailing attempts to conciliate morpho- 


logic changes produced by the Salmenella 
on the basis of serologic analysis. will be 
recorded elsewhere. This is in keeping 
with the experience of others: Boivin,!? 
Pike and Pike and 
Swinney,” and with the expressed opinion 
of Seligmann and Saphra. 


MacKenzie," and 


The biochemical features showing grada- 
tion and transition between the Salmon- 
ella group are better known. We have 
encountered several gasless S. typhi mur- 
jum strains. The original identification 
in each instance was typhoid by us and 
by the New York City Department of 
Health, but complete antigenic study by 
Dr. Seligmann and Dr. Saphra estab- 
lished the correct identification as a vari- 
ant of S. typhi’ murium which failed to 
produce gas under the normal controlled 
conditions. 

We wish to record 2 cases with severe 
gastro-intestinal symptoms, clinically sus- 
pected of being caused by Salmonella in- 
fection, in which atypical forms of colon 
bacilli were recovered. In the first in- 
stance, a pathogenic réle is suggestive; in 
the second case, the ulcerative lesions are 
often found above an obstruction. This 
probably represents a common finding and 
the atypical coli form of bacillus may be 
a mere concidence. 


Clinical Notes. Case A-45-34: The pa- 
tient was admitted with an acute abdominal 
episode and considered to be mesent»ric 
thrombosis or preéxisting duodenal u!er. 
Severe epigastric pain was the outstan: ing 
finding. At autopsy, severe gastritis ind 
Only an atypical :oli 


enteritis were found. 
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organism was recovered, present in great 
jumbers. 

Case A-40-58: A 65 year old female ad- 
mitted with intestinal obstruction died with 
an episode of acute dyspnea and abdominal 
pain. The autopsy showed extensive deep 
ulcerative lesions of the colon above an 
obstructing carcinoma. Bacteriologic study 
revealed an atypical coli organism and a 
streptococcus non-hemolyticus. 


We do not mean to imply that an 
atypical colon bacillus is invariably a 
pathogenic microérganism. Others have 
suggested that this bacterium can produce 
The existence of 
transitional biochemical and serologic phe- 
nomena between atypical colon bacilli and 
the Salmonella group might lead us to 
expect pathogenic strains of atypical B. 
coli to occur on theoretical grounds. 


symptoms and lesions. 


We attempted studies of the pathogen- 
icity of the atypical Coli organisms re- 
covered from these 2 cases in guinea pigs 
and mice by feeding experiments, but 
obtained no evidence of infection in the 
form of any lesions or deaths. We do sus- 
pect that transition forms of B. coli will 
be found which will be pathogenic for 
some humans and animals on ingestion. 

i pidemiology. Though all of the mater- 
ial represents sporadic cases, several inter- 
esting epidemiologic observations were en- 
Several double 
Two nurses 
with B. oranienberg showed, in addition, 
a superimposed S. manhattan and S. typhi 
One baby showed 
a double infection with S. morbificans bovis 


countered in this survey. 
infections were encountered. 


murium respectively. 


. muenchen. 

me of the types encountered, as S. 
mor ificans bovis, S. panama and S. lichtfeld, 
are listinetly rare. Our attempts at epi- 
den ologic analysis were disappointing. 
At ne time we had 6 premature infants 
sho. ing S. morbificans bovis in their stools. 
Thr « of these infants showed no symp- 
ton. whatsoever. The other 3 showed 
mil diarrhea. None was severely ill. 
No -ource for this epidemic could be 
esta lished in the hospital staff on the 
mai wnity ward or in the dietary division. 
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One patient was admitted with vomit- 
ing, high fever and diarrhea, and S. typhi 
murium was obtained in the stool. The 
patient was discharged as cured after 
4 weeks of illness. The sister of this child 
was admitted 4 days after the onset of her 
sister’s symptoms for an incidental surgi- 
cal repair of an umbilical hernia. A stool 
culture showed this same organism, S. 
typhi murium but no symptoms were 
present and no history relative to such a 
previous infection could be obtained. 

One student nurse developed a diarrhea, 
The 
patient was discharged within 3 days. A 
survey that a waitress in the 
nurses’ dining room had this organism in 
her stool. This waitress admitted a bout 
of diarrhea a short time previously. 

Summary and Conclusions. During a 
4 year period at the Queens General Hospi- 
tal, 86 sporadic instances of Salmonellosis, 
revealing 21 known serologically identifi- 
able strains were encountered. The study 
includes a tabular correlation of the nature 
and severity of the clinical picture, and 
the bacteriologic data, with particular 
reference to the sources of the cultures. 

The 3 most common species, S. cholera 


and S. oranienberg was recovered. 


showed 


suis, S. typhi murium and S. oranienberg, 
are compared. The carrier state, the 
enteric fever form with and without gas- 
tro-intestinal manifestations, and the sep- 
tic forms alone and in combination, are 
presented from the standpoint of their 
individual features and their inter-rela- 
tionships. The syndromes presented by 
the 13 cases who died, and the pathologic 
findings in the 9 instances examined at 
autopsy, are tabulated, with a correlation 
attempted with the form of the clinical 
illness, the bacteriologic data and the mor- 
bid changes encountered. 

The intermediary position of S. typhi 
murium in this comparison, from the 
standpoint of the clinical picture, the 
severity of the illness and the morphology 
of the lesions, is stressed, and the biologic 
implications noted. The data from 17 
S. typhi murium deaths on file at the 
Beth Israel Hospital Salmonella Typing 
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Center and the autopsy findings in 9 of 
them are tabulated for comparison. 

The problem of the adaptation of the 
Salmonella organisms to different hosts, 
and the variable course the infection pur- 
sues in the different and in the same hosts, 
The variation in the clinical 
Reference to the 
lesions of experimental Salmonella infec- 


is discussed. 
course is_ stressed. 
tion under varying conditions, appearing 
in a separate communication, is included 
for comparison with the human morbid 
pathology. An analysis of the clinical 


course and the pathologic data is presented 
in the light of experimental studies of the 
pathogenesis of the enteric disease group, 
and the resemblance to typhoid fever in its 
mutable and multifarious forms. Typhoid- 
like lesions at autopsy caused by S. typhi 
The broad bio- 
logic problem of Salmonellosis is presented 


murium are emphasized. 


from the standpoint of its relationship 
to the atypical coli infections of the gas- 
tro-intestinal tract on the one hand, with 
2 instances cited, and with typhoid infec- 
tions on the other. 


h 
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HOOKWORM INFECTIONS IN TROOPS RETURNING FROM 
THE PACIFIC 


By Mas. Harry Most, M.C., A.U.S. 


Cou. JosepH M. Hayman, Jr., M.C., A.U.S. 
AND 


Lr. Cot. THomas B. Witson, M.C., A.U.S. 


SWANNANOA, 


NORTH CAROLINA 


(From The Tropical Disease Section, Moore General Hospital) 


ROUTINE stool surveys of men returning 
to this country from various Pacific Islands 
have disclosed, among other parasites, a 
large number of hookworm infections. 
Of 2500 consecutive admissions to this 
hospital from the Pacific Theatre, 11.5% 
were found to have hookworm eggs in 
the stool. By contrast, the incidence of 
hookworm infestation in 4300 patients 
who had seen only continental service in 
this country was 6.2%.* The composition 
of both groups from the standpoint of 
residence in southern hookworm states is 
sufficiently uniform so that this factor is 
not responsible for the difference observed. 
The complete details of those surveys are 
being reported in another paper (Lt. Col. 
T. B. Wilson, M.C., to be published). 

The purpose of this paper is to present 
observations on the nature, severity and 
results of treatment in patients with hook- 
worm infection who had served in the 
Pacific Theatre and who had been evacu- 
ated for other reasons. 


Material and Methods. This report deals 
with 284 patients. In 210 the diagnosis of 
hookworm infection had been made over- 
seas while in 74, eggs were first demonstrated 
at this hospital. The complete clinical 
records of the patients in whom hookworm 
ege- had been found in the stools overseas 
or i Other hospitals in this country were 
revi wed to determine the total number of 
treatments they had received prior to ad- 
mis-on to our Tropical Disease Section. 
If h okworm eggs were found on admission, 
all >revious treatments were considered 
failures, but if the stools were consistently 


negative the last treatment for a positive 
stool was considered successful. All patients 
in this series with positive stools at this 
hospital received one or more courses of 
treatment, not on clinical grounds, but to 
determine if possible the genus of the hook- 
worm which they harbored as well as the 
efficacy of treatment. 

Each stool was examined at least once by 
direct smear, zine sulfate centrifugal flota- 
tion, brine flotation, and water centrifugal 
sedimentation. Stoll egg counts were done 
before treatment in 75 patients. The routine 
treatment employed was as follows: 30 gm. 
of sodium sulfate were given after the even- 
ing meal the night before treatment. No 
breakfast was allowed, and 3 ee. (occasion- 
ally 5 ec.) of tetrachlorethylene given in soft 
capsules. Two hours later another 30 gm. 
of sodium sulfate were given. Following 
treatment, all stools were collected directly 
into a large wide-mouthed jar until 4 P.M. 
of the day of treatment. The stool was 
then washed through a metal sieve and if 
adults were recovered, they were identified 
by the morphology of the mouth parts. The 
total number, genus and sexes were recorded. 


Results. 1. Severity of Infection. The 
average Stoll count on admission in 17 
patients who had been treated on 1 or 
more occasions overseas and subsequently 
were found here to have Necator infec- 
tions was 1900 eggs per gm. of feces, with 
a range of from 100 to 9100. The average 
Stoll count on admission in 28 patients 
who had been treated on 1 or more occa- 
sions overseas and subsequently were 
found here to have Ancylostoma infec- 
tions was 2295 eggs per gm., with a range 


* his figure is, however, not to be regarded as representative of the nation-wide picture, for there is 
evid: .ce to suggest that men from northern sections acquired their infection while in southern training 
Stati Tue Epirors. 
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of from 200 to 9800. These findings may 
not reflect the original degree of infec- 
tion, since all these patients had had 1 or 
more courses of treatment prior to admis- 
sion the Stoll 
counts prior to treatment in 15 patients 


here. However, average 
in whom eggs were first discovered at this 
hospital and who subsequently were shown 
to harbor Necator or Ancylostoma were 
2400 and 3200, respectively. This, as 
well as the total number of worms recov- 
ered subsequently (see below) indicates 
that the hookworm infections acquired 
overseas in the majority of patients were 
very light. 


2. Adult Recoveries. Following treat- 
ment, adult hookworms were recovered 


from 169 patients. The ratio of female to 
male for Necator was 1.6 and for Ancylos- 
toma 2.3. The total number of worms as 
well as the genus recovered from these 


patients is summarized in Table 1. 


raBLE 1.— RECOVERY 
IN 169 
1-5 
Necator 69 4] 
Ancylostoma 87 56 
Mixed 13 4 
Total 169 101 


The maximum number of Necator was 
86 and of Ancylostoma 112. In only 14 
of the 169 patients from whom adults were 
recovered were more than 25 worms found. 
Following treatment of 36 patients no 
adults were recovered although repeat- 
ed stool examinations subsequently were 
Failure to find adults 
in these patients who were apparently 


negative for eggs. 


cured of the infection is regarded as evi- 
dence that the number of worms they 
harbored was very small, although it is 
admitted that the duration of collection 
may not have been long enough to find 
them. This also applies to 79 patients 
from whom »* adults were recovered after 
treatment, although stools 
were positive, indicating treatment fail- 
ure. Thus, the the total 
number of worms following 


subsequent 


on basis. of 


recovered 
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treatment as well as the Stoll egg counts, 
it seems evident that the hookworm infec- 
tions in the majority of these men are 
relatively light. 

It is important to note that 65% of 
the patients whom adults 
recovered harbored Ancylostoma. Only 
12% of the latter southern 
states or had received military training in 
possible hookworm areas in this country. 


from were 


resided in 


On the other hand, 75% of the men with 


Necator resided in southern 


states in this country. 


infections 
It seems probable, 
therefore, that the increased incidence of 
hookworm among men returning from the 
Pacific is due largely to the acquisition of 
Ancylostoma infections overseas and that 
the ratio of Ancylostoma to Necator ac- 
quired in the Pacific is at least 3:1. 

3. Efficacy of Tetrachlor- 
ethylene has been reported as producing 
cures in 70 to 90% of patients with hook- 


Treatment. 


Wits TETRACHLORETHYLENE 


PATIENTS 


No. of adults recovered 


6-10 11-25 26-50 51-100 101 
12 10 6 
15 10 4 2 
t 2 
0 24 10 2 2 


worm infections following a single course 
In our ex- 
perience the results of treatment judged 


by the number of courses administered to 


of treatment with this drug. 


the same patients overseas who still had 
positive stools on admission here are not 
Of 100 patients 
who received one or more courses of tetra- 


nearly as encouraging. 


chlorethylene overseas, only 42% were 
cured of their after the first 
course of treatment as determined by re- 
peated stool examinations at this hospital 
The results of multiple treatment over- 


infection 


seas in these patients whose records were 
complete are presented in Table 2. 

Since no adult recoveries were done 0!- 
lowing these treatments, no conclusi ns 
can be drawn concerning the relat ve 
efficiency of tetrachlorethylene in eli:i- 
nating Necator versus Ancylostoma in’ 


‘ounts, 
infee- 
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However, since 65% of adults 


tions. 


recovered from 169 patients were Ancylos- 
toma, the relatively poor results of mul- 
tiple treatment overseas may be due to 
In this 
connection, it is of interest that of 35 pa- 


the persistence of this parasite. 


tients in whom eggs were first discovered 
at this hospital, and who were treated for 
the first time for hookworm infections 
which were subsequently proved to be 
\ncylostoma, only 9 (25%) were cured 
after the first course of drug; 18 patients 
were re-treated and 7 (39%) were cured, 
making a total of 55 % cured after 2 courses 
On the other hand, of 24 
patients diagnosed and treated for the 


of treatment. 


first time at this hospital for infections 
subsequently proved to be Necator, 16 
(6%) were cured. Three out of 5 who 
were re-treated were cured, or a total of 
85% cured after 2 courses of treatment. 
These observations, while limited in num- 
ber, suggest that multiple treatments 
overseas because of repeatedly positive 
stools were the result of Ancylostoma in- 
fections in the majority of such patients 
ind that tetrachlorethylene is less effec- 
tive against Ancylostoma than Necator. 
The relatively low incidence of double 
nfections with Necator and Ancylostoma 

returnees from the Pacific (13 cases in 
169 patients) may be due not only to a 
lower incidence of Necator in some Pacific 
areas but to elimination of Necator from 
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a large proportion of the men as a result 
of several courses of treatment prior to 
their return to this country. 

4. Other Parasites. Hookworm stools 
frequently had additional parasites. Of 
197 patients who had hookworm eggs in 
the stools, 80 had 1 or more helminths, 
59 had 1 or more protozoa, and 22 had 
both. The incidence of FE. histolytica in 
this group was 11%. The occurrence of 
S. japonicum is a reflection of the fact 
that many of the patients in the group 
had served on Leyte and had been return- 
ed because of proven or suspected schisto- 
somiasis; the figure shown, therefore, can- 
not be taken as indicating the incidence 
of this infection in the Pacific. The dis- 
tribution of parasites other than hookworm 
in this group is shown in Table 3. 

5. Clinical Aspects. The clinical records 
of 100 malaria and surgical patients with 
hookworm as the only helminthic infec- 
tion were reviewed. In no case were any 
signs or symptoms found which could be 
attributed to hookworm infcetion alone. 
The average red cell count was 4.2 million 
per c.mm., the lowest being 3.3 million. 
Only 10 patients had less than 4 million 
red cells and in these the anemia appeared 
to be related to a recent attack of vivax 
malaria or a chronic surgical infection 
rather than hookworm infection. The 
average percentage of eosinophils in this 


group was 10.2. In our experience hook- 


LE 2.—Erriciency oF REPEATED CoURSES OF TETRACHLORETHYLENE ADMINISTERED OVERSEAS 
IN 100 Ranpom Patients HookwormM INFECTIONS 


Based on Complete Clinical Records and Stool Examinations on Admission—Includes Ancylostoma, 
Necator and Mixed Infections 


No No. 
treatments treated 
1 100 
2 48 
3 30 
4 16 
5 Ss 
6 3 


Subsequent stools 


Positive Negative Total % cured 
58 2 42 0 
34 14 62 .2 
18 12 79.1 
12 1 85.7 
95.0 
1 2 98 .7 


3.—DusTRIBUTION oF Orner PARASITES IN 197 Patients With HookworM INFECTIONS 


No. % 
E. histolytica 22 11 
E.nana . 41 20 
E. coli 21 10 
I. bittschlii 11 5 
G. lamblia . 8 4 


No. % 
S. japonicum 34 
T. trichiurus : 26 13 
S. stercoralis ; 7 4 
A. lumbricoides 4 > 


MOST, HAYMAN, 
worm infection in service men returning 
from overseas are not clinical and do not 
represent hookworm disease. 

Summary and Conclusions. 1. The 
incidence of infection in 
troops returning from the Pacific is 1.8 


hookworm 


times that found in troops who have 
served only in this country. 
9 


2. Of 169 infections in which the type 
of hookworm was determined, 65% were 
due to Ancylostoma. The increased inci- 
found in 
service men returning from various Pacific 
islands is believed largely due to the 


dence of hookworm infections 


acquisition of Ancylostoma overseas. 

3. In our experience tetrachlorethylene 
is not as efficient in eliminating Ancylos- 
toma as it is in Necator infections, and 
this may account for persistently positive 


WILSON: 
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stools after multiple courses of treatment 
overseas. 

4. The demonstration of a high pro- 
portion of 


men returning from the Pacific may be of 


Ancylostoma infections u 
concern to public health authorities ir 
this country, in view of the possibility of! 
the introduction and establishment of this 
parasite. 

5. Hookworm infections in the major 
ity of returning servicemen are light and 
rarely represent hookworm disease. 

6. Multiple parasitism is common in 
Finding 
1 or more parasites, though these may be 


men returning from the Pacific. 


non-pathogenic, should stimulate contin- 
that 
infections are not overlooked. 


ued search so potentially seriou 
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ing. Although the cysts are mainly micro- 
scopic, it seems unwise to call it simply 
fibrosis of the pancreas as the latter ap- 
pears to be secondary to the acinar lesions. 
Besides, fibrosis is a marked feature of 
congenital syphilis (Porter), and_ this 
term might be confusing. 

The clinical, biochemical and pathologic 
findings are closely inter-related in this 
disease and to reach an understanding of 
the pathogenesis and etiology, it will be 
necessary to touch briefly on the clinical 
and biochemical aspects. But within the 
space of this review, it will be impossible 
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Ir is unfortunate that the name, fibro- 
cystic disease of the pancreas, is a purely 
descriptive pathological term, the use of 
which is necessitated by our lack of 
™ knowledge regarding the etiology of the 
disease. In the period prior to 1938, 
individual cases were reported under many 
* and varying descriptive terms. The 
synonyms are as follows: pancreatitis, 
pancreatic disease, atrophy of the pan- 
creas, congenital pancreatic steatorrhea, 
cellae disease, congenital cystic fibro- 
194, matosis of the pancreas, agenesis of the 
exocrine portion of the pancreas, con- 
genital pancreatic disease, cirrhosis of the 


pancreas, congenital familial steatorrhea, 
chronic interstitial pancreatitis in infancy 
and pancreatic insufficiency (Wolman).”* 
As is readily seen, many of these terms 
are of clinical origin and arose during the 
twenty odd years before the appearance 
o! Dorothy Andersen’s classical article in 
1°38," clarifying and correlating the 
\ico-pathological relationships. As will 
b« understood, when the pathological find- 
in.s and etiological factors are discussed, 
th name fibrocystic disease is not satis- 
latory but a more adequate one is lack- 


to enter into all of the clinical details 
which may be found in other publications 
referred to below in their appropriate 
places. 

It must be noted before proceeding 
further that the pancreatic changes give 
rise to two clinical entities:* meconium 
ileus of the newborn and the syndrome of 
pancreatic steatorrhea in later life. In 
the former, the pancreatic changes are 
well advanced at birth, while in the latter, 
the changes are slowly progressive over 
months or years. 

Historica. It is of interest to sketch 
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the historical background of the disease 
as it illustrates the long period that may 
elapse, in a relatively common disease with 
typical pathological findings, before the 
point of supersaturation is reached and a 
single observer gathers the evidence to- 
gether and crystallizes the clinical and 
pathological findings into a disease entity. 
Prior to Andersen’s paper,'* published in 
1938, about 27 


under a variety of names. 


cases had been reported 
In the 8 years 
elapsing since 1938 several hundred have 
been reported. Furthermore, Andersen’s 
article has stimulated a renewed interest 
in the exocrine pancreatic secretions which 
had been previously over-shadowed by its 
endocrine function. This was in part due 
to the difficulty of estimating pancreatic 
enzymes, of interpreting any changes noted 
and lastly to the fact that adult pancreases 
do not commonly show lesions of the 
exocrine portion of the gland, except in 
association with obstruction of the pan- 
creatic ducts by stones or carcinoma or in 
acute pancreatic 

Much of the delay in establishing this 
disease as an entity was caused by writers 
clinically regarding these cases as Gee- 
Herter’s (celiac) disease and the apparent 
failure of observers to note the isolated 
case reports appearing in the literature of 
proven advanced pancreatic disease with 
Par- 
1932, 


normal in 


clinical symptoms of celiac disease. 
sons,”’ in his Rachford lectures in 
stated that the 
celiac disease, which is, of course, true, but 


50 
pancreas is 
he makes no mention of the existence of 


Undoubt- 
edly some clinicians were on the right 


pancreatic deficiency disease. 


track but failed to report adequately such 
pathological material as they obtained or 
interpreted the findings purely as second- 
ary lesions.**’ Some cases were buried 
in the literature on vitamin A.7:7 
Undoubtedly, the pathologist was at 
fault in not taking routine -autopsy sec- 
tions of that unassuming organ, the pan- 
creas. In a marasmic infant or a child with 
bronchopneumonia, there would appear 
to be sufficient cause of death, without 
taking sections of all organs. Further- 
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more, because many of these infants dic 
under | year of age, the clinician failed t 
note the intestinal symptoms, so frequent] 
overshadowed by the respiratory disease 
The paucity of cases reported prior to 
1938 would seem to be accounted for in 
this manner. Awareness of the disease ha 
markedly increased its reported incidence 

The pancreatic lesions were probabl) 
first Landsteiner® in 1905 
but his was a case of meconium ileus and 


described by 


probably, therefore, was ignoréd. Between 
1905 and 1919 several suggestive clinical 
cases were published but without post- 
These were fol- 


mortem examination.* 


lowed by isolated reports with patho- 
logic studies in the literature up until 
1937.5 7 12,13 ,15 ,23 ,28 30 .33 35 41 64 69 ,72 
Although Parmelee*® separated his cases 
from true celiac disease and apparently 
had a clear understanding of his cases, 
they were too few in number to make an 
The 
same probably applies to Harper’s report 
in 1930 and 1938. Finally, in 1938, 
Andersen" clarified the status of the dis- 


impression on the pediatric world. 


ease in a report on the findings in 22 new 
cases plus the above 27 cases and gave a 
clear description of the clinical and path- 
ological aspects. In the same year Har- 
Thomas and Schlutz,®* and Blackfan 
and May,® in a series of independent 
Andersen’ 


observations, also confirmed 


conclusions. 

Since 1938 numerous cases?:!®18.24¢,26,27 
44.45.52.58.59 have been reported but rela 
tively little or no advance has been mad 
on the problem of etiology. Improved 
techniques for obtaining and estimating 
the pancreatic enzymes, resulting in more 
accurate clinical diagnoses, have con- 
stituted the main advance. Treatment « 
the disease, studies of stool and blood 


f 


lipids, detailed pathologic anatomy and 
one attempt to reproduce the disease, ha 
been the principal subjects of investigati« 
CLINICAL ASPECTS. 
ically can be almost identical, in sym)- 


The disease clin- 


tomatology, with idiopathic celiac disea 
so far as the gastro-intestinal system 5 
concerned, the main differences being 1 
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the earlier age of onset and the high 
incidence of suppurative lung lesions and 
the fatal outcome in fibrocystic disease of 
the pancreas. 

In most cases the time of onset is at 
birth or within the first 6 months to 1 year 
of life.**** Although the severity of the 
pathologic changes in the pancreas vary 
considerably in different cases, no attempt 
to correlate the age of onset or severity of 
symptoms with the pancreatic changes 
has been made. The age at death varies 
somewhat in the series reported but ranges 
from 2 days to 143 years.'** About 70% 
of patients die during the first year of life, 
mainly as the result of respiratory disease. 
A small percentage survive beyond this 
period but the eventual outcome is fatal. 

The symptoms are marked by their 
variability but the cases may be divided 
into: (1) those with predominant res- 
piratory symptoms; (2) those with pre- 
dominant gastro-intestinal symptoms, and 
(3) those with a combination of both res- 
piratory and intestinal disturbances.” 

\ndersen™ divided her cases in 3 groups 
and this seems to have been followed by 
subsequent observers. These are: Group 
1—patients dying in the neonatal period, 
usually with meconium ileus with absence 
of other gastro-intestinal symptoms or 
lung infection. Group 2—patients dying 
within the first 6 months of life (later 
observers have extended this group to 
| year) and having nutritional disturb- 
ances often obscured by respiratory symp- 
toms. Group 3—patients dying after 1 
year of age with gastro-intestinal symp- 
tons resembling celiac disease. 

\ndersen’s second and third groups are 
characterized by respiratory symptoms, 
emaciation and under-development in 
spite of an excellent appetite. The stools 
ma\ appear to be normal in early infancy, 
in 1) any cases, but with the giving of solid 
foo's the stools become large.’** The 
var tion in the description of the stools 
by different writers is probably due to 
the ffects of multiple factors influencing 
dig: tion and absorption, which vary from 
pationt to patient. 
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All cases give a history of cough, sooner 
or later; the onset varying from 2 weeks" 
to upwards of 11 years.*® It progressively 
becomes more severe and eventually 
patients develop purulent bronchitis, 
bronchiectasis and pneumonia. 

INctipENCE. The incidence of this dis- 
ease, as found at autopsy in children, 
varies somewhat from author to author. 
Andersen" reported an incidence of 3.3% 
in 605 autopsies, Menten and Middleton® 
reported an incidence of 2.8% between 
1936 and 1943 but could find no cases in 
their autopsy material for the 10 years 
prior to 1936. Blackfan and May‘ reported 
1.3% and Farber? 4.8% between 1937 
and 1942. The latter author found an 
incidence of 12 % in 1942. Some authors®.® 
consider that the disease is more prevalent 
than formerly. Such opinions do not seem 
justifiable at the present time as more and 
more cases with less marked lesions are 
being diagnosed. For example, Andersen"* 
reported only those cases with 90% or 
more of functionless pancreatic tissue yet 
states that 11.4% of the pancreases ex- 
amined by her showed less marked lesions. 
One may conclude that the true incidence 
is not yet established but may be in the 
region of 4% or more of autopsies. 

Andersen" gave the sex incidence in her 
series as about 67% females and 33% 
males, suggesting that females were more 
frequently affected. Since then, it has 
become apparent that there is no sex 
predominance in fibrocystic disease of the 
pancreas.” 

The familial incidence is relatively high 
as reported by Howard™ in 1944. He 
reviewed 120 cases and found 12 families 
in which each of 2 children had had the 
disease. Several authors have reported 
the disease as occurring in twins, some- 
times affecting only one twin,” at 
other times both twins.*? None of the 
twins appeared to be identical. No studies 
have been done with reference to the 
Mendelian principles. 

AND DistrrBpuTION. Cases have 
been reported from Australia,” Can- 
ada,**. England," Germany,’ Hol- 


rel: 
nad 
ovead 
iti 
no! 
cColi- 
nt 
ylood 
al 
ha 
tic 
clin- 
ms 
gon 


354 PROGRESS OF 


New Zealand,'® and the United 
States. The parents may come of Italian, 
German, Irish, English, Scotch and Ameri- 
can stocks.’** Whites would seem to pre- 


land,*® 


dominate as Andersen reports only 1'4 
and Menten and Middleton® only 2 cases 
occurring in Negroes. 
ROENTGENOLOGICAL Aspects. The fea- 
this have 
recently been reviewed by Pugh*’ in this 


tures of diagnostic aspect 
journal. Roentgenologic studies indicate 
that there intestinal 
changes and that the bilateral, widespread 
lung but 
pathognomonic of fibrocystic disease. 

PATHOLOGIC ANATOMY. 
body is characteristically underdeveloped 


are non-specific 


changes are suggestive not 


Externally the 


and emaciated with gross evidence of mus- 
The often 
protuberant and there is frequently an 
umbilical hernia. 


cular atrophy. abdomen is 
The body cavities are 
usually normal except that the pleural 
cavities may show evidence of inflamma- 
tion, as would be expected from the 
incidence of lung lesions. 

PaNncREAS. The pathognomonic lesions 
essential to pathologic diagnosis are found 
in the pancreas and it is on the basis of 
the pancreatic changes that the disease 
entity has been distinguished from others. 
It must be emphasized that so far as can 
be judged from the histopathology of the 
pancreas, the lesion is essentially one of 
acini ductules. The 
secondary phenomenon upon which too 


and fibrosis is a 
much emphasis has been laid and which 
unfortunately is included in the cognomen 
of the disease for lack of a better name. 
This fact has been pointed out by Farber” 
but needs to be re-emphasized. The 
secondary character of the fibrosis is 
clearly evident from the appearance of 
the milder lesions in which there may be 
little or no fibrosis but definite acinar-duct 
changes. Thus the lesion is essentially 
one of the exocrine portion of the gland. 

Grossly, the organ may or may not show 
changes,'*:** depending on the extent of 
the lesion and possibly also on the dura- 
tion. Farber®¢ has given the most exten- 
sive pathologic report on the pancreas 
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with 87 cases as material. As Andersen 
has stated, accurate gross diagnosis 

Th 
pancreas is usually firmer, smaller and 
thinner than normal. 


markedly improved by experience. 


The weight is less 
than normal, although it must be remem- 
that 
normal weights. 


there is a wide variation in 
Mitchell ‘and Nelson“ 
give the following normal values: New- 
born and up to about 2 months of age, 


bered 


2 to 3.5 gm., 1 year of age, about 10 gm., 
4 to 5 years, 20 gm., and 10 to 12 years, 
30 gm. 

In those cases with advanced fibrosis 
there may be a distinct grittiness on cut- 
ting into the pancreas. If there is marked: 
cyst formation and advanced fibrosis, the 
organ will present an irregular furrowed 
appearance due to alternating depressed 
fibrotic areas and elevated cystic or unin- 
volved normal pancreatic tissue. The cut 
surface will exhibit irregular lobulation 
with intersecting wide bands of connective 
tissue, as opposed to the regular, normal 
diamond-shaped with 


pattern scarcely 


visible septa. In some cases the cut sur- 
face, particularly in the head of the gland, 
will show dilated ducts filled with yellow 
plugs. Cysts visible to the naked eye are 
not often present. Occasionally the pan- 
creas is grossly fatty. 
The the 


ducts ascertain 


patency of main 


is difficult to 


pancreatic 
with any 
degree of accuracy but the consensus Is 
that they are patent in the majority of 
patients living beyond the neonatal period. 
The incidence of 
ileus is higher. It is extremely difficult to 
dissect the main. ducts in infancy due to 
states that in 
showed definite 
narrowing of the ducts but in the majorit) 
no congenital 
found. There was stenosis in Kornh|ith 
and Otani’s case“! Hurwitt nd 
Arnheim’s*® as proven by following the 


atresia in meconium 


their small size. 


his series, a few cases 


atresia or stenosis was 


and in 


duct of Wirsung in serial sections. C: ses 
of stenosis are reported by Benoit® ind 
Tiling.“ In Andersen’s'* own cases at- 
tempts to demonstrate the patency of the 
ducts were unsuccessful in 4 out of 5 c: 3es; 
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the lumen appeared to end in fibrous tissue 
5 to 15 mm. from the ampulla of Vater. 
In the other case the pancreatic duct was 
dilated throughout. 

An important argument in favor of 
patency of the ducts is put forward by 
Farber.“ A history of meconium ileus 
is not given by those patients who survive 
the newborn period. If congenital obstruc- 
tion of the ducts were the cause of pan- 
creatic fibrosis, then meconium ileus should 
be a constant finding. This has not proved 
However, Oppenheimer’s 
case’ would seem to contradict this state- 
ment, as duct atresia was found in a 
10 months’ old infant who had no history 
of meconium ileus. 


to be the case. 


Microscopically, the essential lesion is 
accumulation of an eosinophilic secretion 
in the acini and small and large ducts. 
The eosinophilic material is homogeneous 
and frequently lamellated, more particu- 
larly in the larger accumulations. Some 
of the larger masses contain fragments of 
eosinophilic substance mixed with pale 
faintly yellow material. This material 
does not give the staining reaction of 
mucus by mucicarmin methods" but on 
the other hand, Baggenstoss and Kennedy? 
state that it stains like mucus and occa- 
sionally like fibrin when appropriate stains 
are used. Occasionally the material filling 
the ducts is calcified. Sometimes des- 
quamated epithelial cells, occasional mac- 
rop iages or rare polymorphonuclear leuko- 
cytes are seen in the lumens. In the case 
reported by Gamble’? the lumens were 
reported to contain many leukocytes. 

e acini and ducts are dilated to a 
siz that varies with the amount of secre- 
tio’ present and the duration of the 


dis’ se. In the younger infants, large 
cy are not common. Although one 
spe <s of cystic disease of the pancreas, 


the ysts are essentially microscopic. The 
lini) » epithelium may vary from normal 
hei, «to very low, the degree of flattening 
app ently depending .on the amount of 
acc’ nulated secretion. Hess and Saphir* 
re} the finding of occasional mitotic 
figi in the acini. They also state that 


the cells were granular and the nucleus 
indistinct. 

The accumulation of secretion in the 
ducts has been reported in only a few 
other diseases. Rich and Duff,®° reporting 
on acute pancreatic necrosis, state that 
in 3 of their cases the disease may have 
been due to the presence of an abnormal 
secretion, since numerous ducts contained 
inspissated secretion that stained deeply 
and irregularly with eosin. In these cases 
the masses filled the ducts or appeared 
as individual masses separated by thinner 
secretion. Where the epithelium was 
desquamated, the duct wall was destroyed 
and infiltrated with an abundant poly- 
morphonuclear exudate. This latter 
phenomenon has not been observed in 
fibrocystic disease and suggests that the 
secretion lacks trypsin, as active sterile 
pancreatic juice calls forth a polymorpho- 
nuclear exudate.®° 

Apparently the accumulation of secre- 
tion in fibrocystic disease results in pres- 
sure atrophy and gradual disappearance 
of the acinar tissue. In extreme cases all 
that remains are isolated, widely sepa- 
rated, abnormal lobules and ducts scat- 
tered throughout the pancreas, with almost 
complete disappearance of acini. 

The islets of Langerhans are not affected 
as a rule, although they were thought to 
be decreased in several cases*?**'6 and 
abnormal in one report.? Andersen“ states 
that in some cases they were seen to 
maintain their connection with adjacent 
acini or ducts but showed no other change. 
These histological findings are compatible 
with the absence of hyperglycemia and 
glycosuria in this disease but the finding 
in some cases of a high glucose tolerance 
curve suggests that the histopathology of 
the islets requires more detailed investiga- 
tion. 

The supporting tissue of the pancreas 
is, in the later stages, greatly increased 
and the organ appears fibrotic. It is both 
interlobular and intralobular (peri-acinar). 
There is no definite evidence of active 
production of collagen and fibroblasts are 
uncommon. According to Farber’ the 
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apparent increase is due to coalescence 
of the fibrous stroma following atrophy 
and disappearance of acinar tissue. He 
also states that in his series neither necrosis 
nor inflammation seen, al- 
though in some cases, the stroma 


acute were 
was 
infiltrated by large mononuclear cells and 
lymphocytes. Andersen’ makes the state- 
ment that these inflammatory cells varied 
from a few to a sufficient number to war- 
rant the diagnosis of subacute or chronic 
pancreatitis. When the cells were numer- 
ous a few polymorphonuclear leukocytes 
were present as well. The cellular infiltra- 
tions were diffuse and bore no consistent 
relationship to the ducts. The mono- 
nuclear exudate is probably associated with 
products of degeneration, rather than with 
the presence of infection. Such infiltra- 
tions noted to be marked 
shortly after ligation of the pancreatic 
ducts in animals but they decrease as the 
pancreas becomes more and more atrophic 
and 

Search of the literature has failed to 
reveal any adequate explanation or de- 
scription of the exact mode of disappear- 
ance of the acinar cells or the masses of 


have been 


inspissated secretion. The latter are pre- 
sumably absorbed as no foreign body reac- 
tion has been noted, nor have the con- 
cretions been seen elsewhere than in the 
lumens of the ducts or acini. 

Those cases showing minor lesions are 
perhaps of most interest and of greatest 
significance. As Farber? states, they 
show no, or slight, increase of connective 
tissue and the large ducts are not dilated 
but the lumens of the small ducts and the 
acini contain acidophilic inspissated secre- 
tion and are dilated. In some of these 
earlier cases, the inspissated secretion may 
be present in some lobules and absent in 
others.”' Furthermore, considerable num- 
bers of normal acinar cells with acidophilic 
secretory granules may be seen.'*:7! 

A few cases have been reported®:!7:25— 
30,326,64.68,71 in which the pancreas is largely 
fatty, only remnants of ducts remaining 
surrounded by localized areas of fibrous 
tissue. The fat is of the ordinary type. 
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This occurs mainly in the older age groups 
It is presumed from the clinical histor) 
and autopsy findings that these changes 
are similar in origin to fibrocystic disease 
and are simply a far advanced stage of the 
disease. This finding is by no means 
incompatible with prolonged obstruction 
of pancreas, as in pancreatic lithiasis and 
carcinoma of the head of the pancreas’ 
such may occur. Also, in experimental 
ligation of ducts in animals,‘ fatty infiltra- 
tion has been reported. On the other hand 
it is also found in obese subjects without 
obstruction.” It is difficult to understand 
why, in a disease marked by disappearance 
of fat from the depots of the body, the 
pancreas in a few cases is extensively 
replaced by fat. 

RESPIRATORY SysTEM. Lesions of the 
lungs are almost invariably present in 
those patients who live beyond a few 
weeks. Grossly, there may be _ hyper- 
expansion of the lungs, particularly an- 
teriorly, associated with obstructive atelec- 
tasis elsewhere. The trachea, bronchi and 
thick 
tenacious mucoid or muco-purulent exu- 
date.** The latter in some cases is abun- 
dant. There is moderate to marked 
bronchiectasia bronchiolectasia, de- 
pending on the duration of the disease. 

Bronchopneumonia and abscess forma- 
In most of the cases’ 
the abscesses appear to arise in relation 
to the small bronchi. The bronchial and 
bronchiolar walls are infiltrated with in- 
flammatory cells. Blackfan and May’ 
refer to these infiltrating cells as being of 
the mononuclear and lymphocytic type, 
while the lumens are filled with 
morphonuclear leukocytes. In those cases 
with vitamin A deficiency, keratinizing 
squamous metaplasia of varying degree 
may be present in the bronchi and trachea. 
Where the process is of long duration, 
considerable fibrosis of the lungs may 
occur and there may also be a chronic 
interstitial pneumonia.“ Blackfan and 
May‘ state that the pneumonia is primarily 
an interstitial one with secondary invo ve- 
ment of the alveoli and alveolar dwucts. 


bronchioles are obstructed by a 
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The common lung invader is the staphy- 
lococecus pyogenes. Farber* states that 
this organism appears to be of low viru- 
lence, as shown by its lack of invasiveness 
and by the relatively small amount of 
damage to the lungs, even after a process 
lasting for months. Farber is the only 
author who appears to have drawn atten- 
tion to a change in the mucus glands of 
the respiratory tree. He remarks that the 
glands in the trachea and bronchi are 
distended and the lumens filled with a 
thick material similar to that found in the 
pancreatic tissue. Exactly what is meant 
when he says it is similar to that found 
in the pancreas is difficult to say. The 
material in the mucus glands of the trachea 
stains like mucus, while that in the pan- 
creas does not. There does not appear to 
be any lamellated material as in the pan- 
creas. He believes that the mucus in the 
lumen of trachea and bronchi is unusually 
thick and because of that he believes there 
has been inspissation of secretion. Un- 
doubtedly, in many cases, the mucus 
glands are dilated and filled with mucus, 
the nuclei of the cells are flattened against 
the basement membrane and the cell out- 
lines are most indistinct. However, in 
some cases the mucus glands appear nor- 
mal.”’. Baggenstoss and Kennedy’ state 
that in their cases the bronchi and their 
glands contained an exudate more purulent 
than mucoid and that only occasional 
glands were distended. Chronic infection 
of the trachea and bronchi cannot be 
ruled out as a cause of this histological 
change. Although no proof has been 
offered as yet that the secretion is altered, 
nevertheless, this is an important observa- 
tion which requires further confirmation. 

ver. The liver is usually increased in 
size, is yellow in color and somewhat 
softer than normal. Andersen’ states 
tha’ a fatty liver was found in 19 or about 
a tird of her cases. Among these, 21% 
occirred in the age group of 2 weeks to 
6 months and 60% in those dying after 
6 months of age. Philipsborn, et al.” 
reported 15 out of 26 cases as showing 
stea osis. All their patients without fatty 


livers were under 9 months of age. In the 
few cases of Farber’s™¢ series in which 
there was no fatty metamorphosis of the 
liver, the pancreas showed only slight 
degrees of atrophy. He believes that a 
rough direct correlation could be made 
between the amount of fat in the liver and 
the degree of fibrocystic disease of the 
pancreas. Such fatty livers are found in 
experimental work on dogs, where com- 
plete depancreatization even with the use 
of insulin results in the liver becoming 
fatty. On the other hand, in dogs, 
monkeys," cats,”® and possibly humans," 
where ducts have been ligated or removed 
with resultant atrophy of the pancreas, 
there has been no tendency to liver 
steatosis. The experimental work on the 
lipotropic substances (either the internal 
secretion of Dragstedt, or choline or 
lecithin) is too controversial for final 
evaluation. Dragstedt”! believes it might 
originate from the alpha cells of the pan- 
creas, which would be supported by the 
fact that in pancreatic duct obstruction, 
fatty livers do not tend to be found as the 
islets of Langerhans are intact. Cole and 
Howe" describe a case in an adult and 
have collected 5 from the literature in 
which there was atrophy of the pancreas 
(exact etiology uncertain), with marked 
steatosis of liver. These authors believe 
that both in the reported cases in adults 
and in fibrocystic disease of the pancreas 
in children, the fatty metamorphosis of 
the liver is secondary to the pancreatic 
disease. If this is so, one must look else- 
where than in islets for the source of 
lipocaic. The significance of the high 
incidence of fatty liver in fibrocystic dis- 
ease requires investigation as to whether 
it is a general effect of poor nutrition or 
is specifically secondary to pancreatic 
disease. 

Histologically, the hepatic cells contain 
large droplets of fat (fatty metamorphosis). 
This is uniformly distributed throughout 
the organ. In the earlier stages it may be 
most marked about the central vein. 
Andersen states that hemosiderin is pres- 
ent in the liver and Kupffer cells almost 
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invariably but Farber makes no mention 
of this, nor does any other author. 

In a small number of cases (the exact 
incidence is unknown but Andersen" re- 
ports 4 cases) there is a cirrhosis of the 


liver centered about the portal areas. 
Grossly, there are large coarse and rather 
irregularly distributed scars in the liver, 


partly marking off areas of liver paren- 


chyma of varying size. Farber*** thinks 
the cirrhosis is due to intrahepatic biliary 
obstruction as he found the small bile 


ducts dilated and filled with eosinophilic 
material like that in the pancreas. He 
considers it likely that this secretion con- 
sists of mucoprotein and its presence, as 
in the pancreas, leads to obstruction and 
dilatation of the ducts with atrophy of 
the parenchyma drained by these ducts, 
leading to condensation of the stroma, and 
development of a somewhat focal type of 
fibrosis. It appears to be a biliary type 
of cirrhosis but jaundice has never been 
reported. Proliferation of bile ducts has 


been observed.” Initially the cirrhosis 
seems to be focal in distribution and even 
in advanced 


cases, 


normal portal areas 
may be seen. 

Additional Findings. Grossly in 8 cases 
of Andersen’s’ series the gall bladder was 
small and contained a small amount of 
translucent gray mucus and in 4 of these 
cases the cystic duct was atretic, but in 
and the bile 
passages are not reported upon. Andersen 


most instances this organ 
had 1 case with atresia of the bile duct, 
atrophy of the gall bladder and cysts of 
the cystic duct and gall bladder. Six or 
30°, of her own cases presented evidence 
of cystic duct atresia. No abnormalities 
of the common or hepatic ducts have been 
reported except in 1 case? which showed 
narrowed common and hepatic ducts. 
Farber mentions that frequently the gall 
bladder mucus glands are distended and 
in this respect resemble the glands of the 
pancreas. Furthermore, he found the gall 
bladder to be often small and its contents 
thicker and stickier than normal. 

The spleen is normal or slightly enlarged. 
In 1 case with cirrhosis of the liver the 
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spleen was large and somewhat fibrous. 
Changes in the alimentary tract are no 
commonly mentioned but dilatation and 
hypertrophy of the colon have been re- 
corded.'*"8 Microscopically a moderate 
infiltration of lymphocytes and plasma 
cells with occasional polymorphonuclear 
leukocytes and fibrosis of the submucosa 
of the bowel were seen in a few cases.” 
Two of Andersen’s cases had atresia of 
the small bowel and 1 had an obstructing 
the ileum. All 3 died at 


to 6 days. Farber*** mentions dilatation 


band across 
of mucus glands of the duodenum, the 
jejunum and the esophagus with thick 
material as in the pancreas. Baggenstoss 
and Kennedy? could only find dilatation 
of the mucus glands of the duodenum. 
The heart is usually normal although it 
may show fatty infiltration. Cor pul- 


monale without histological changes in 
the pulmonary vascular tree has been 
noted in 1 case of fibrocystic disease with 


The 


genital heart disease is not increased in 


bronchiectasis.” incidence of con- 
fibrocystic disease. 

In those cases with severe vitamin A 
deficiency, keratinizing metaplasia may 
be found in the salivary glands, larynx, 
trachea, bronchi, uterine mucosa, peri- 
urethral glands, pelvic mucosa of the 
kidney, ureters, bladder, ete. Farber™ 
reports dilatation of the acini of the sub- 
lingual, submaxillary and parotid glands 


Wilson and 


Dubois” reported a marked inflammatory 


by inspissated secretion. 


infiltration of salivary glands but found 
only an occasional dilated acinus. Oppen- 
heimer*® likewise reported the finding of 
only a few dilated acini in the salivary 
glands. Inclusion bodies have been re- 
ported in salivary glands of a few cases.’” 

The reproductive organs are rarely com- 
mented on but Flax, et al.*® report a case 
of probable meconium ileus in which the 
uterus and vagina were large and there 
was a profuse mucus exudate in the ¢\vi- 
ties of both. Sections of the uterus shoved 
large distended mucus glands in plac» of 
Atresia of the 
Calcium ilts 


the normal endometrium. 
ureters is not uncommon.'* 
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in the cells of the kidney tubules has been 
reported. Sections of the skin and sub- 
cutaneous tissues show almost complete 
absence of fat.?? 

Meconium 
is a clinical term for a con- 
dition found in the newborn which is 
intimately associated with lesions of the 
pancreas identical with those found in 
older infants and children and called 
cystic fibrosis of the pancreas. 


Meconium Tleus. 
24d .36 39.41 42 66 


It is char- 
acterized by intestinal obstruction in the 
newborn as a result of inspissation of the 
meconium which becomes so thick and 
sticky as to be immobilized in the gut. 
This was first described by Landsteiner® 
in 1905—who ascribed it to lack of ex- 
ternal pancreatic secretion resulting in 
failure of liquefaction of the meconium. 
This hypothesis seems to have been con- 
The causation is 
(1) congenital stenosis or atresia 
41 or (2) acinar and 
duct obstruction inspissated secre- 
tions" or (3) possible failure of normal 
development of the pancreas.*® 


firmed by Farber.?4 
either: 
of pancreatic ducts 


In any case, the histological findings in 
the pancreas are identical with cystic 
fibrosis. Since at the most these patients 
do not live beyond a few weeks, there is 
as yet no evidence that they would develop 
the lung lesions or lesions of other secreting 
glands as in the older group. Therefore 
it i: unknown whether the pancreas is the 
only organ involved.* If Farber’s hypoth- 
esis, regarding fibrocystie disease of the 
paicreas as being a systemic disease, is 
correct, one should in some of these cases 
ex} ct the glandular changes to be present 
elsewhere in the body, but as yet there 
has been no note of them. 

e 3 adequately reported cases of 
me: nium ileus,**-'? in which the duct 
of \\ irsung was examined in serial micro- 
Sci sections, showed marked stenosis 
of .e ducts, a short distance from the 
am} illa of Vater. The ducts, distal to 
the tenosis, were dilated and Hurwitt 
anc Arnheim® point out that primary 
par chymal fibrosis does not produce 
suc’ Jilatation of the distal parts of ducts. 


They regard these stenotic ducts as being 
due to a focal developmental defect and 
not to failure of the pancreatic ducts to 
recanalize in embryonic life. They suggest 
that the pancreatic lesion is an early intra- 
uterine lesion, the time of origin of which 
might be roughly estimated by the dis- 
tance the meconium has traveled. In their 
own case the meconium was at the ileo- 
colic junction and in Kornblith and Otani’s 
case at the hepatic flexure. They quote 
Keith*’ as stating that meconium reaches 
the ileocolic junction by the fourth month 
and the rectum by the fifth month of 
fetal life. 

In Kaufman and Chamberlin’s*® ease 
the ducts were not examined but in exten- 
sive sectioning of the pancreas they failed 
to find more than one fully developed 
excretory duct. No small ducts with 
normal tall columnar epithelium were seen. 
The structure of the acini was not normal 
and their impression was that the develop- 
ment of the acini was faulty and that 
maturation of small ducts into acini had 
been prematurely arrested. 

BrocueMicaL Data. Chemical analysis 
of the stools has always held an important 
role in the investigation of the celiac 
syndrome and in experimental work with 
animals. It would now appear, however, 
that their diagnostic réle will be less im- 
portant in the future and will be replaced 
to a large extent by estimation of the 
duodenal enzymes. Nevertheless, the 
estimation of fat, protein and carbohy- 
drate in the stools has played an important 
part in the understanding of pancreatic 
deficiency. 

It may be briefly pointed out that large 
amounts of the fat, protein and carbo- 
hydrate in the diet fail to be absorbed 
and are lost in the stool, particularly in 
the case of the former two. The loss of 
protein is particularly important and ac- 
counts, at least in part, for the failure of 
development and the emaciation in the 
subjects of this disease. The many factors 
that influence the loss of these substances, 
and the care that must be taken in their 
quantitative estimation and the interpreta- 
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tion of the latter may be found in the ref- 
erences in the 

The loss of fat, protein and carbohy- 
drate in the stools of cases of fibrocystic 
disease of the pancreas is similar to that 
found in experimental animals in which 
the pancreatic ducts are ligated.?°*" Atten- 
tion is drawn to the fact that effects of 
ligation vary considerably from time to 
time in the same animal and from animal 
to animal,*'*? and probably the same 
applies to cases of fibrocystic disease, 
accounting for variations in the stools 
and in symptoms. The processes of diges- 
tion and absorption are complicated and 
there are still too many unknowns, to 
lay down hard and fast rules. However, 
it may reasonably be concluded from the 
stool changes in fibrocystic disease and 
their correlation with experimental work, 
that the exocrine pancreatic juices are 
lacking. 

The estimation of the duodenal enzymes 
has assumed great importance since the 
separation of fibrocystic disease of the 
pancreas as a disease entity. Much in- 
vestigation’: has been directed 
towards this problem and as the result of 
advances in technique, clinical interest 
has been regained in the quantitative 
estimations of the enzymes. Their estima- 
tion in fibrocystic disease is essential for 
clinical diagnosis. 

In fibrocystic disease the values are 
very low or zero for all enzymes, well 
below the low limits of normal cases or 
of other diseases. Estimation of trypsin 
only is necessary. The low values persist 
even on repeated examinations.” It is 
important to note that the duodenal fluid 
is scanty and very viscous as might be 
expected from the histological appearance 
of the secretion in the pancreas. Intra- 
venous secretin fails to affect the volume 
of the fluid or its enzymatic content,“ 
except possibly in early cases. 

The results of enzyme estimations con- 
firm the histological appearance of marked 
pancreatic dysfunction. It is not known 
whether the pancreas fails to produce 
enzymes or whether the escape of these is 
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prevented by increased viscosity of the 
secretions. As some cases have a smal 
amount of enzymes present, it may be 
that enzymatic secretion is normal but 
the secretions cannot escape. On the other 
hand their presence might be accounted 
for by areas of normally functioning tissue, 
such as are sometimes seen histologically. 
Much more correlation between enzyme 
activity and histological findings is re- 
quired conclusion can be 
reached. 

As regards gastric analysis little or no 
information can be found in the literature 
but Andersen (personal communication)” 
states that in general, except in extreme 
marasmus, the acidity and rennin content 
of the gastric juices are normal. This is 
a rather important observation from the 
viewpoint of Farber’s theory that this 
disease may be a general one affecting 
secreting glands. The stomach would then 
have to be excluded from the general 
thesis. 

In general, chemical examination of the 
blood is not of great value. The glucose 
tolerance curve may be flat” or high.” 
Blood cholesterol tends to be low.'*” 
Total lipids and their fractions are essen- 
tially normal.* The fasting vitamin A 
content of the serum is low” and the 
vitamin A absorption curve is flat.6 These 
findings seem to confirm the failure of 
adequate absorption, particularly of fat, 
but throw no light on the etiology of the 
disease. 

Et1oLoGy AND PATHOGENESIS. Before 
commencing to discuss these aspects of 
the disease, it is well to remember that 
the pancreas is but one supply depot of 
enzymes in the complicated and lengthy 
process of digestion, commencing in the 
mouth and ending with the expulsion of 
the undigested residue. In addition to 
the digestion of food, there is the equaily 
complex process of absorption. One or 
both mechanisms may be affected and to 
distinguish the réle of each in disease, is 
difficult. Experimental work has defined 
areas in the gut where certain processes 
are known mainly to take place but their 
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correlation with other parts and their 
ability to take over functions, one from 
another, is not clearly defined. For years 
arguments have been going on as to the 
importance and necessity of the exocrine 
secretions of the pancreas in digestion. 
So far as dogs, rabbits and cats are con- 


- cerned, it is apparent that the exclusion 


of the pancreatic juices does affect their 
health, although not in a sharply defined 
manner. Much care must be taken to 
exclude all pancreatic juices from the 
intestine, for functional disturbances can 
be prevented if only 1 cm. of pancreas 
is left attached to a patent duct. 

The importance of the pancreatic en- 
zymes in digestion has recently been again 
clouded by the results of surgical exclusion 
of the pancreatic juices in humans."* A 
majority of the cases in a small series did 
not develop symptoms of pancreatic dys- 
function. Brunschwig,"*-"> after tran- 
secting the head of the pancreas and 
ligating the ducts in monkeys, has found 
that they live and thrive for several years 
without evidence of disturbed digestion. 
There was no evidence at autopsy that 
the pancreas was functioning. 

\s a result, in any disease which shows 
marked pancreatic change, one must be 
careful in attributing a host of symptoms, 
signs and biochemical findings entirely to 
dysfunction of this organ. Therefore, in 
fibrocystic disease of the pancreas, al- 
though many of the celiac symptoms are 
attributable to deficiency of the pancreatic 
secretion, one must be wary of assuming 
that this disease entity is dependent 
wholly on the pancreas. Such an assump- 
tion may be later proven to have been 
wrong. In short, the pancreas may be 
oni, the symbol of a much more general- 
ized disease, as pointed out by Farber. 

‘vertheless, all discussions of etiology 
and pathogenesis center on attempts to 
expiain the changes in the pancreas. 
There is general unanimity in regarding 
the pancreatic lesions as of obstructive 
origin,**** but the exact mechanism of 
obstruction is uncertain. The very nature 
of the lesion with its dilated acini and 


ducts filled with secretion and the ultimate 
atrophy and replacement fibrosis, indi- 
cates obstruction. The end results are 
similar to those following ligation of the 
ducts experimentally and in cases of 
obstructed ducts.**? Other than the final 
result, it is questionable whether the 
changes following sudden complete ob- 
structions of the pancreatic ducts are 
comparable to the obstruction in fibro- 
cystic disease. In the latter disease the 
obstruction is probably partial at first 
and slowly progressive, possibly never to 
become complete. 

The etiological theories, regarding the 
mechanism of obstruction, can be -dis- 
cussed under three headings: (1) Infec- 
tion, (2) Vitamin A deficiency, (3) Con- 
genital defect: (a) Obstruction from 
atresia, (b) Obstruction from production 
of an abnormal secretion. 

Infection. It has been suggested’* that 
the presence of minor degrees of inflam- 
mation in the pancreas might indicate a 
fetal or post-natal infection. The main 
evidence against infection is the absence 
of a known infecting agent; the failure to 
find inflammation of the pancreas in the 
presence of gastro-intestinal infections; the 
absence of chronic biliary infection in 
children and the presence of similar in- 
flammatory infiltrations in the degenerat- 
ing pancreas in experimental ligation of 
the ducts. The familial incidence is also 
against fetal inflammation. Congenital 
lues is ruled out by the failure to find 
evidence of syphilis in the majority of 
cases. Although a few cases show inclusion 
bodies in some of the tissues,* the incidence 
is no higher than that found in routine 
autopsies.”* Finally, inflammation of the 
pancreas does not explain the high inci- 
dence of lung lesions in this disease. 

Vitamin A Deficiency. The chief dif- 
ficulty in assigning the causation of fibro- 
cystic disease to this deficiency is the 
absence of squamous metaplasia of the 
pancreatic ducts of such extent as to 
cause obstruction, except in rare cases. 
Extreme cases of vitamin A deficiency 
may show no pancreatic change.’ There 
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is no evidence that pre-natal deficiency of 
vitamin A is a causative factor. 

The balance of evidence suggests that 
vitamin A deficiency is a complication and 
not the cause of the disease. However, 
this deficiency, with considerable reason, 
has been regarded as the cause of the lung 
Here again, although the rela- 
tionship has not been clarified, the weight 
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lesie ns. 


of evidence appears to be against vitamin 
A deficiency as a primary cause of the 
pulmonary infection.” Lung infection is 
not common in idiopathic celiac disease 
in which vitamin A absorption is poor, or 
in adult 


animals with 


obstruction. On 


humans or pan- 


creatic duct the other 
hand, Oppenheimer’s patient with straight- 
forward duct atresia died with pulmonary 
disease, which may have been secondary 
to the vitamin A deficiency present. Until 
direct evidence is found, the relationship 
of the pulmonary lesions to vitamin A 
deficiency will remain obscure. 
Congenital Defect. The fact that the 
lesions are frequently present at birth or 
develop in early infancy, as well as the 
familial incidence and the frequent pres- 
ence of atretic ducts elsewhere, suggest 
strongly that the basic abnormality is a 
Yet, it differs from most 
congenital anomalies, such as atresia of 


congenital one. 


the bile ducts or congenital heart disease, 
in the absence in most cases of a gross 
anatomical defect. The variation in the 
severity of the microscopic lesions and 
the survival of a considerable number of 
patients well on into childhood is puzzling 
and one must assume that the basic defect 
continues to with varying in- 
tensity long after birth and in a different 
manner from a clear-cut anatomical defect. 


operate 


For these reasons, the reviewer believes it 
important in fibrocystic disease to separate 
those cases secondary to congenital atresia 
of the ducts from those without atresia. 
There seems to be no reason why pan- 
creatic duct atresia could not occur as an 
isolated anatomical defect, in which case 
the secreting glandular structures of the 
bronchi and other epithelial tissues would 
not necessarily be congenitally abnormal. 
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On the other hand, in those cases without 
atresia, it would be reasonable to hypoth 
esize, as Farber has done,”** that there i 
a generalized defect of the exocrine glandu 
lar secreting tissues, including the pan- 


creas, if the anatomical evidence sup- 
ported the theory. 
(a) Congenital Duct Atresia. Ther 


seems to be no doubt whatsoever, that a 
few cases of fibrocystic disease of the 
pancreas, excluding cases of meconium 
ileus, have their origin in atresia of th 
pancreatic Although Andersen 
and Farber*** state that congenital atresia 
of the main ducts is uncommon (except 
in meconium ileus), this is by no means 


certain as most of the examinations of 
the ducts appear to have been made by 
gross dissection and in but few cases have 
microscopic serial sections been made. 
The difficulty of ducts 


grossly in infants emphasizes the neces- 


tracing these 
sity of careful serial microscopic examina- 
tion of these ducts. Furthermore, the 
head of the pancreas and second part of 
the duodenum should be removed in foto, 
routinely at autopsy, and kept until sec- 
the 


Andersen has suggested’ that when sten- 


tions of pancreas are examined. 
osis or atresia is present it may have been 
the result 


fibrosis. 


rather than the cause of the 


A theory which comes under the head- 
ing of atresia is that proposed by Rauch, 
et al.5® This is based on the common origin 
of the anlagen of the lung and pancreas 
In order to 
bring the pancreatic and lung lesions into 


from the entodermal tube. 


relationship, they proposed that at some 
stage of development of these organs, as 
a result of budding, a constriction of some 
of the ducts of both organs 
might occur, giving rise to congenital 


excretory 


bronchiectasis and congenital fibrocystic 
disease. Although some pancreases show 
apparent failure of proper developmen 
no factual proof for this theory has been 
adduced. 

Another obstructive les on 
described by Balé and Ballon*® (not nec °s- 
sarily congenital), consisting of focal « >1- 


form of 


-hout 
poth 
re | 
indu 


pan- 
sup- 


hers 
lat a 

th 
nium 
the 
‘sen 
resia 
ccept 
leans 
is of 
e by 
have 
1ade. 
lucts 
eces- 
nina- 
the 
rt of 
toto, 
sec- 
ined. 
sten- 
been 


the 


into 


ome 


PATHOLOGY 


thelial metaplasia of the ducts of the 
pancreas, causing small duct obstruction, 
is ruled out by their absence in the 5 cases 
examined by Rich and Duff.*° 

(b) Theory of Abnormal Secretion. This 
reasonable, intriguing and all embracing 
hypothesis has been developed by Farber* 


in an attempt to explain particularly the - 


association of lung and pancreatic disease 
and to account for the pancreatic lesions 
in the absence of main duct atresia. In 
brief, he believes it is a systemic disease, 
of which the pancreatic changes are only 
a part, although they may predominate. 
It is based on a statement by Blackfan 
and Wolbach’ that the pathogenesis of 
fibrocystic disease of the pancreas lay in 
the production of an abnormal secretion, 
but Farber has extended’ the theory to 
include other epithelial lined organs. His 
study of 87 advanced cases and of about 
350 early cases”? leads him to believe that 
the basic lesion is a physically altered 
secretion causing obstruction of acini and 
small ducts, later involving large ducts 
and leading to atrophy and fibrosis. The 
definite absence of duct atresia which has 
been proven in a few cases,'*?49™ the 
absence of any large duct dilatation in 
some cases’ and the thick scanty duo- 
denal juices, is evidence in favor of an 
abnormal pancreatic secretion. Further- 
more, the presence of aberrant pancreatic 
tissue showing similar changes to the pan- 
argues that in- 
trinsic biochemical alterations of the 
secretion are fundamental. Unfortunately 
there is no direct proof of this alteration 
nor evidence as to its nature. 


creas, In 3 cases, 


“he evidence for altered secretion in 
epithelial lined organs is less con- 

cing. Farber? claims that. many 
c:-es show dilatation of glands and inspis- 
se ion of secretion in the trachea, bronchi; 
e- phagus, duodenum, gall bladder, saliv- 
a: glands and jejunum. All cases reported 
p' vious to his publication make almost 
n mention of such findings, although in 
the salivary glands showed 
n ‘imal dilatation of acini. As has been 
iously indicated, the one study re- 


AND 
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ported? since then was not strikingly con- 
firmatory. It is apparent that confirma- 
tion of the extra-pancreatic lesions is still 
lacking, although it may be noted that 
the liver lesions of the associated cirrhosis 
bear a striking resemblance to those of 
the pancreas.”! 

As further proof of his theory, Farber?“ 
has reported a case in which the lungs 
and liver showed the above-mentioned 
changes in a patient who had no symptoms 
referable to pancreatic achylia and in 
whom at autopsy a normal pancreas was 
found. 

Farber has suggested®” that the char- 
acter of the duodenal drainage and the 
inspissated secretions in the acini are 
reminiscent of vagal stimulation (as has 
been known for years vagus stimulation 
produces a thick secretion, high in enzyme 
content). He suggests that a disturbance 
of, parasympathetic innervation or an 
autonomic imbalance in nervous control 
of secretions in the pancreas and in mucus 
glands may be at fault. He has produced*@ 
a similar lesion in the pancreas of kittens 
by the injection of a parasympathomimetic 
drug (pilocarpine) over a period of 2 to 
8 weeks. Extreme loss of weight and 
severe nutritional disturbances were the 
chief clinical features. As far as the 
reviewer can find, no one has repeated 
these most interesting experiments. 

Summary. Fibrocystic disease of the 
pancreas is the name given to a disease, 
whose etiology is completely unknown, 
because the pancreas shows the most 
striking histological changes. In _ the 
absence of a better name, one must re- 
member not to place too much emphasis 
on the pancreatic changes until it is proven 
to be essentially a disease of the pancreas 
alone, or otherwise. In view of the con- 
tradictory experimental findings in animals 
and humans where exocrine secretion of 
the pancreas has been excluded from the 
gut, one must proceed most cautiously in 
assigning to the pancreatic lesions in this 
disease an all-important réle. 

Clinically, the disease is characterized 
by severe respiratory infection and gastro- 
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intestinal symptoms and signs of the celiac 
syndrome, the former tending to pre- 
dominate under 1 year of age and the 
latter over 1 year of age. In the neonatal 
period it gives rise to the clinical entity 
called meconium ileus. The disease ap- 
pears to be congenital and not infrequently 
familial. 

Pathologically, the essential lesion in 
the pancreas is obstruction and dilatation 
of acini and ducts by an inspissated secre- 
tion with secondary atrophy and fibrosis. 
Associated with this is the almost constant 
finding (except in very young infants) of 
chronic respiratory infection with a mild 
bronchiectasis, abscess formation in the 
lungs and bronchopneumonia. The liver 
shows marked fatty metamorphosis in 
about a third of the cases and in a small 
percentage biliary cirrhosis of a somewhat 
focal nature is present. In meconium ileus 
the pancreatic lesions are present and the 
bowel is obstructed by a thick mucilagin- 
ous meconium which is formed in the 
absence of pancreatic juices. 

Several etiological factors have been put 
forward, of which only two can reason- 
ably be considered in the light of our 
present knowledge. The first is the theory 
of congenital atresia which postulates that 
there is a congenital atresia or stenosis of 
the pancreatic ducts, or failure of normal 
development of the pancreas. Atresia is 
more common in meconium ileus and 
unquestionably accounts for a certain 
number of cases in older children. With 
more detailed and adequate examination 
of the duct system, a definite number of 
cases will undoubtedly be isolated from 


(1.) Andersen, D. H.: 


REFERENCES 
(a) Am. J. Dis. Child., 56, 344, 1938; (b) J. Pediat., 15, 


PROGRESS OF MEDICAL SCIENCE 


the group and placed in their proper 
etiological relationship. However, a larger 
proportion of cases appear (and one uses 
this word advisedly) to be due to an in- 
trinsic obstruction, probably commencing 
in the acinar area which may be due to 
an unknown congenital defect in the func- 
tion of the pancreatic acinar cells them- 
resulting in an unusually thick 
secretion. This theory, developed by 
Farber, is most important but lacks ade- 
quate proof. He believes, in addition, 
that there is a widespread involvement of 
variable degree, of other mucus secreting 
structures in the body as shown by the 
change in the physical character of the 
mucus produced. There may be either a 
deficiency or insufficiency of mucinase 
required for the maintenance of secretions 
in the normal state. The type of secretion 
present is reminiscent of the results of 
vagal stimulation. Neither Farber’s Jhis- 
tological findings nor his experimental 
work have as yet been confirmed. 

The possibilities of further studies on 


selves, 


fibrocystic disease of the pancreas are 
almost unlimited. Detailed and careful 
pathologic studies alone would be useful 
in clarifying many obscure points, while 
there is a wide scope for experimental 
work in the pathologic physiology. Fi- 
nally, it may be stated that in spite of the 
spate of literature in the last 8 years, the 
great progress in diagnosis, and the slight 
progress in treatment of this disease, the 
etiology is not known and in particular 
the relationship of the pancreatic and 
lung lesions has not been elucidated. 
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Congenital Anomalies Following Ru- cataract were observed in Sydney. When 
bella. In the early months of 1941,* an 


they continued to appear, in numbers 
unusual number of cases of congenital 


indicative of no chance phenomenon, seri- 
* In 1940 the Medical Journal of Edinburgh carried an editorial, not to call attention to anything 
about rubella, but only to celebrate the 100th anniversary of the appearance in ‘‘The Journal 
» first description of the disease ‘‘in our language.”’ The editorial opens, ‘‘German measles ha 
been in the news of late, and we hear of medical officers of health, headmasters, headmistresses, and 
others clamoring to have it deprived of 


its place as a notifiable disease and relegated to th« 


limbo of minor exanthemata a nuisance rather than an illness.’’ The identity of ‘* R6theln 
had already been established in the German literature and Dr. Robert Patterson of the City of Leitl 
being convinced from many cases ‘‘ which lately prevailed in this neighborhood that it possesses char 


acters peculiarly its own,’’ was induced to present a comparison with measles and scarlet fever in tabula 
form, and the clinical aspects of the disease quaintly captured in his phrase that ‘‘the little patients ar 
observed to draw nearer the fire.’’ The editorial concludes that 
intervening hundred years,”’ 
very recent years where the disease is quickly dismissed as of no consequence in itself and withou 
complications or sequele. 


‘little seems to have been added in the 
a statement borne out by reference to almost any text written up to withir 


If ‘little seems to have been added in the intervening hundred years,’’ the editorial commemorating 
the centenary of Patterson’s description of the disease set the stage, as it were, for events to come withi: 
the next few months, in the first year of the second century, which dramatically removed rubella from th: 

limbo of minor exanthemata.”’ Its role as a ‘‘nuisance rather than 


an illness’’ was unmasked by 
group ol 


Australian investigators whose clinical acumen and epidemiological insight no doubt woul 
be applauded by Patterson himself, and will be celebrated in 2041 by another editorial in the illustriou 
Journal 


Rubella now takes its place as one of that group of diseases where infection in ‘the many is trivia 
but where sequele in the few constitute major problems of epidemiology and preventive medicine. A 
if to outdo its fellows, and to elude medical science, rubella is so mild and its sequel so severe that an 
connection between them would hardly be suspected. To cover its tracks, unlike poliomyelitis with i 
paralysis on the third day and the mastoid or pneumonia on the heels of the rash in measles, it put 
much distance between itself and its sequel—at least several months, and into the next generation 


that it was not detected until with epidemiologic overconfidence from a long period of quietly “‘ 


away with it 


"so to speak, it tried to make up for lost time with its ‘‘ virgin soil’’ outbreak in Australi 
This circumstance related to us by Burnet on his visit to this country in 1944,° is summarized by Schok 
as follows During the past 35 years the first large epidemic of rubella occurred in 1914, the next 
1923 and the last in 1937. The 1937 outbreak spread to all states, but had not died out in remote di 
tricts when war broke out in 1939. In that year, with the mass movements of young people from stat 
to state and from country districts, the disease became epidemic, sweeping through the whole count: 
and waves had recurred until fairly recently. Between 1923 and 1937 there was no opportunity { 
anyone to contract rubella and from 1937 to 1942 there was every opportunity, the vast majority 
young adults and women of child-bearing age being susceptible.’’** 

Finally, as if to shield itself from medical intrusion, rubella selected as its channel of operation 
condition least likely to be interfered with in the interest of prevention, for pregnancy is so dominat« 
by religious, moral, emotional and legal considerations, that its purely medical aspects may be seconda 
to them. Indeed at times they have been taken into consideration only insofar as they afforded a ba 
for some action dictated by these other attitudes. The Pilgrims, for example, whose major epidemiolog 
pursuit seems to have been the search for sin, and who believed the period of gestation was 9 mont 
to the day, sent many a young couple to the stocks ‘‘for having a childe before the natural time 
woman after marriage.”’ 


trices 


mus thought was given to their causa- 
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tion.! Their almost epidemic oc- 
currence, their ophthalmologic character- 
stics and their association with congenital 
heart disease suggested to Gregg that the 
etiology was a constitutional, toxic, or 
infectious disturbance in the fetus, rather 
than a purely developmental defect. Cal- 
culations relative to the stage of preg- 
nancy, when the congenital anomalies 
must have originated, showed that it coin- 
cided with the period of maximum in- 
tensity of a widespread epidemic of 
rubella. Gregg collected 78 instances of 
congenital defects, the basis: for which 
was found to lie in maternal rubella during 
pregnancy. His reports were confirmed 
and the investigation extended by Swan 
and co-workers.*!44!4 

TYPEs OF CONGENITAL ANOMALIES. The 
special ophthalmologic features were cat- 
aract, usually bilateral, and of a subtotal 
type associated with nystagmus and a 
sluggish pupillary reaction to light; in 
some cases, an atrophic appearance of the 
ris; and rarely microphthalmia and buph- 
thalmia. 

On histologic examination, Swan*’ found 
the peripheral lens fibers showed evidence 
of degeneration or necrosis, and were 

parated by vacuoles, while the central 


re Was amorphous in appearance. 

The cardiac manifestations were a harsh 
stolic murmur over the precordium, 
ually loudest over the base of the heart 
pulmonic area, and absence of cyanosis. 


i each of 3 afflicted infants autopsied by 
van,*” the ductus arteriosus was widely 
itent, there was variable patency of the 


TABLE 1. 
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foramen ovale, and 1 baby had an inter- 
ventricular septal defect. As regards mal- 
formations of the heart Swan quotes 
Bedford and Brown’ who state that “the 
critical period for the development of 
congenital cardiac defects is from the fifth 
to the eighth week of intrauterine life, 
during which the septa are forming, the 
bulbus cordis is undergoing involution, 
and torsion of the great vessels is taking 
place.’’ Subsequently, other forms of con- 
genital heart disease accompanied by 
cyanosis have been reported. 

Green and Dogramaci'* who reviewed 
the records of 434 children studied at the 
Children’s Hospital, Boston, for congenital 
heart disease, found a history of maternal 
rubella in 4 instances and exposure of a 
susceptible mother in 1 instance. They 
presented data as shown in Table 1. 

Assuming that there had been 100% 
accuracy in diagnosis and reporting of the 
disease (in the hospital records), the in- 
ference would be that rubella was the 
etiologic agent in approximately 1°% of 
all types of congenital heart disease. It 
is reasonable to conclude that reliance on 
hospital records alone would result in the 
loss of many cases in which the infection 
had been regarded as trivial, forgotten 
or merely overlooked, and that the true 
figure will eventually be shown to be sub- 
stantially higher. That this will prove to 
be the case, is also suggested by the work 
of Conte and co-workers® who surveyed 
the records of all congenital anomalies at 
the Vanderbilt University Hospital. Of 
120 anomalies there were 4 cases of con- 
genital heart disease in which maternal 


Data IN 5 Cases OF CONGENITAL Heart Disease RELATED TO RUBELLA 


(GREEN AND DoGRAMACt'S) 


Stage of 


regnancy Presence 

en rubella of Nature of 

vecurred cataracts cardiac defect 
month ~ Tetralogy of Fallot 
months + Uncertain 

months + I.V. septal defect 
month 0 Patent ductus arteriosus 
months* i) Pulmonary stenosis; 


I.V. septal defect 
* Exposure to rubella. 


R oentgenologica 
Physical signs findings 
Typical, cyanosis 
Rough systolic murmur 
over precordium 
Harsh to and fro murmurs 
in pulmonic area, with 
grade 2 murmur over 


‘*Globular heart”’ 


‘*Globular heart 
with broad base’ 


apex 
““Typical’”’ 
Cyanosis 


Typical 
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rubella appeared to be the inciting agent. 
The incidence in this 
around 4%, since other anomalies as well 
as heart disease are included. The higher 
figure is to be attributed to additional in- 
formation obtained by a questionnaire 
mailed direct to all mothers. 

In addition to the malformations enu- 
merated deaf-mutism has been 
reported by Swan and his co-workers‘? 
in a total of 12 out of 48 children born to 
mothers who suffered from rubella during 
pregnancy. 


series would be 


above, 


Some form of deafness was 
noted by Carruthers® in 74 out of 102 such 
Muteness when present was re- 
In an 
autopsied case, the outstanding defect was 


cases. 


garded as secondary to deafness. 


the total absence in both ears of any dif- 
ferentiation of the primitive cells to form 
the organ of Corti.*° 

Evans" found that of 34 babies whose 
mothers suffered during pregnancy from 
rubella, 23 exhibited congenital dental 
abnormalities, in 18 cases major in nature, 
such as “sharklike’’ and “pointed” in- 
cisors and enamel hypoplasias. All except 
2 of the infants showed other congenital 
malformations. 

Finally, it was noted that most of the 
babies were of small size, ill-nourished, and 
difficult to feed. No less than 15 of the 
78 patients studied by the Australian 
workers were dead by the end of 1943, 
and many of those living showed mental 
as well as physical retardation. 

These reports have been confirmed in 
this country by Reese,*® Rones,*’ Erick- 
son,’* and Albaugh,' who add 18 more 
cases to the literature. 

STAGE OF PREGNANCY. The combined 
work of the authors cited indicates that 
the average period of the pregnancy when 
rubella occurred was as follows: 

6 weeks 
9 weeks 


For cardiac anomalies 5-10 weeks 
For deformed teeth 6-9 weeks 


For cataract 
For deafness 


Carruthers, however, felt that although 
the average date was of some significance, 
“the importance of the stage of pregnancy 
at which infection occurs is that, if it is 
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in the first 6 weeks, fetal damage may be 
widespread and include the eyes, both 
divisions of the ears, the heart, and per- 
haps many other parts. After the sixth 
week, the eyes may escape, the heart may 
be spared, and the semi-circular canals 
may become normally developed; but the 
cochlea is still likely to be damaged.” No 
correlation could be established between 
the clinical intensity of the maternal infec- 
tion and residual fetal damage. There 
would be no reason for doubting that the 
disease in question was rubella, or that 
the syndromes produced were new, except 
as they were newly recognized. Chandler’ 
is of the opinion, however, that the result- 
ing type of congenital cataract is seen 
more frequently now than formerly. It 
is not known to what extent this increase 
may be accounted for by the better prac- 
tice of obstetrics and pediatrics which 
now bring to term more pregnancies which 
result in a living baby. This seems to be 
the case in retrolental fibroplasia, described 
by Terry.* 

FREQUENCY OF ANOMALIES. Most of 
the earlier studies have started with cases 
of congenital defects of the sort described. 
The finding of maternal rubella in a high 
percentage of the cases has been inter- 
preted by some as indicating that the 
For 
example, it has been stated that “avail- 
able data would suggest that 100% of 
the mothers who contract rubella in the 
first 2 months, and approximately 50% 
of those who contract it during the third 
month, will give birth to infants with 
congenital anomalies.’’ As pointed out 
by Albaugh, many questions have bee! 
raised which will require for their answer 
extensive epidemiologic studies. An edi 
torial in the Lancet in February, 1946, 
states that “It is four years since Gregg 
in Sydney reported that congenital ma! 
formations i 
fants 
measles 


defects always follow the infection. 


were occurring in in 
mothers had had Germa' 
early in pregnancy .. . yé 
nobody seems to have taken the fe\ 
simple steps needed to find out whethe 


whose 


rubella is a serious cause of congenit: 
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The only study which 
represents an adequate attempt to deter- 
mine the numerical probability of con- 
genital anomalies following rubella during 
pregnancy is that of Fox and Bortin.” 
They found that of 152 married women 
who contracted rubella during 1942, 1943 
and 1944, 11 had rubella during preg- 
nancy: 5 during the first 2 months, 4 
during the second to the fourth month, 
| in the seventh, and 1 in the ninth month. 
They found only 1 of 11 cases (rubella 
in the first month of pregnancy) which 
“evidenced a pathologic course.” The 
child in this case was stillborn. However, 
they present a second instance (rubella 
in the second month of pregnancy) in 
which the outcome was a “blue baby, 
sinus disease, otitis media, hydrocephalus 
(which receded spontaneously), perfectly 
normal at present.” 

Approaching the problem by the same 
method, we have investigated 1300 cases 
reported to Boards of Health of 2 Massa- 
chusetts communities for instances of 
rubella in pregnancy, and have found 4 
as follows: 


defects 


Length of pregnancy 
Case before rubella Result 
normal baby 
2d month mental retardation 
4th month normal baby 
9th month (12 days normal baby 
antepartem) 


| 2d month 


lf these 4 cases are added to the 11 
cases reported by Fox and Bortin, there 
are 15 instances of rubella in pregnancy 
where data on the outcome are available. 
he disease occurred in the first 3 months 
of pregnancy in 11, with 8 normal and 3 


abnormal babies resulting: 1 infant with 


spontaneously subsiding hydrocephalus, 
1 mentally retarded child, 1 stillborn in- 
fant, and 8 normal infants. Four cases 
occurring from the fourth to ninth month 
all resulted in normal babies. 


Length of pregnancy 
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In this small series, the morbidity in 
the baby is 27 %, when the disease occurred 
in the first 3 months of pregnancy. 

That a study based on cases reported to 
Health Departments may represent an 
incomplete picture of this phase of the 
problem, may be seen from the following 
cases found in the course of this study, in 
only one of which had the rubella in the 
mother been reported. 

To these 5 can be added 2 of our cases in 
which spontaneous abortion resulted. 

Thus, on the basis of admittedly incom- 
plete data, it would appear that the risk 
of anomalies in the infant may be upwards 
of 25% following rubella during the first 
3 months of pregnancy. Whatever the 
final incidence turns out to be, it will be 
sufficiently high as to constitute a prob- 
lem of a very serious nature to the parents 
concerned and their obstetrician. Avail- 
able data do indicate that the first 3 
months of gestation is by far the most 
vulnerable period. Of 100 cases reported 
by Carruthers, Swan, Erickson, Reese, 
Rones, Green, Albaugh and Kraus,”® 94% 
of the mothers were recorded as having 
suffered the infection during the first 3 
months (Table 3). 

ABORTIONS AND STILLBIRTHS. Nowhere 
in the literature, except for Fox’s mention 
of a stillborn baby following maternal 
rubella, have we found mention of the 
possibility that death of the fetus and 
spontaneous abortion may result. That 
this may occur is suggested by 4 cases of 
which we have personal knowledge (Table 
4). 
Congenital Anomalies and Other Ma- 
ternal Diseases. No studies have appeared 
with respect to congenital defects follow- 
ing other maternal infections, but 3 in- 
stances of such defects, 1 following chicken 
pox, 1 poliomyelitis, and 1 influenza, have 
recently been observed in Massachusetts. 


Reported to 


Case before rubella Defect Board of Health 
1 2 months Deafness No 
2 2 months Mental retard No 
3 2 months Heart disease, cleft palate No 
4 1 month Heart disease Yes 
5 2 months Cataract, heart disease, deafness No 
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Mann? 


anomalies may follow other infections, and 


has expressed the opinion that 


Swan*’ has postulated that more severe 


virus infections, such as rubeola, may kill 


the fetus, whereas the milder rubella 
merely damages the surviving fetus. 
Lynch* has called attention to the high 


mortality of the fetus in maternal measles 
and smallpox. 

The established relationship between 
maternal rubella and congenital anomalies, 
together with these observations of anoma- 
lies following other maternal illnesses, 
raises the question to what extent maternal 
disease in general may represent a prin- 
ciple in the etiology of congenital anoma- 
lies—heredity, for example, being another. 

PoLIOMYELITIS. In the course of a study 
of poliomyelitis in pregnancy from other 
points of view” records have been col- 
Of these, 


some statement concerning the infant is 


lected concerning 264 cases. 


given in 131. In Table 2 the outcome of 
the pregnancy is shown according to the 


PaBLE 2.—CONGENITAL DeErects FOLLOWING 


1 

Carruthers 2 
Swantia 12 
Erickson'4 7 
Reese* 3 
Rones 1 
Green and Dogramaci'’ 2 
{/baugh' 2 
Kraus l 
30 

TABLE 3 


MATERNAL 
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month of pregnancy during which the 


mother contracted poliomyelitis. Case 
where the mother died of the disease wit! 
the fetus in utero are not included. Preg 
nancy terminated or resulted in a dead 
fetus in the 2 cases in the first month, it 
the majority of cases in the second month 
and in 5 of the 10 cases in the third month 
Thereafter the outcome was, as a rule, a 
“normal de 
In 3 in 
stances (second, third and seventh months 
there were defects in the infants while in 
the infant was 


normal child if the report 
livery’’ can be so interpreted. 


3 others (ninth month) 
reported to have suffered from poliomye- 
litis. The evidence suggests that the risk 
to the fetus in maternal poliomyelitis is, 
as in German measles, high if the disease 
occurs in the first 3 months of pregnancy 
and less in later months. It is not clear, 
however, to what extent the hazard to 
the fetus may be the result of paralysis 
in the mother. 

Moncoutsm. Ingalls and Davies?’ are 


RUBELLA BY MONTH OF PREGNANCY 


4 3 8 9 
8 6 3 l 
19 10 2 

4 

1 2 

2 l 

3 

4 
42 22 5 ] 


POLIOMYELITIS IN PREGNANCY: OUTCOME WitH REFERENCE TO INFANT BY MONTH 


OF PREGNANCY 


Vonth of pregnancy | 4 
Total cases 4 a 
Normal chiid 

Normal delivery ”’ 1 


section 


Total 


Stillborn or died shortly 


Therapeutic abortion | 
Abortion l 4 
Miscarriage 


Total 

Polio in baby 
Lame’”’ 

Congenital defects* 


Total 1 


3 A 6 9 
16 12 16 19 13 1S ) 131 
6 i 7 8 5 S 15 
1 6 3 6 2 2 11 
l l 


1 


* | bilateral clubfoot, ‘‘not polio;’’ 1 congenital heart. 
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collecting clinical data on prenatal disease 
A preliminary 
survey reveals the following 5 instances of 


in relation to mongolism. 


intercurrent disease among 50 mothers 
who subsequently gave birth to a mon- 
golian idiot. 


Intercurrent disease 


Stage of pregnancy 


‘Flu”’ 2 months 
Rubella 2 months 
Mumps* 2 months 
Mastoidectomy 2 months 
Pleurisy—in bed 3 weeks ‘in 3d month” 


* Patient of Dr. Richard Tefft. 


In addition, in this survey they noted the 
following possibly relevant findings: 3 


TABLE 4. 
Length of pregnancy Estimated death 
Case before rubella of the fetus 
1 8 weeks 6 months 
2 16 weeks 5? months 
3 Uncertain Uncertain 
4 4 weeks Immediate 


mothers were respectively noted in hos- 
pital records as being “sick throughout 
continually vomiting,” 
and “sick all 9 months, nausea and vomit- 
ing, pain in the right side—hemorrhaged 
A fourth had “ grippe” 
during the sixth month, a fifth an “afebrile 
rash, last trimester,” and a sixth was an 
undoubted alcoholic. A seventh mother 


entire 9 months,” 


be fore deli ery.” 


had a cholecystectomy between a second 
pregnancy (normal) and a third (still- 
born), followed by a fourth pregnancy 


One mother with 8 normal 
children had a ninth (miscarriage at 3 
months), followed by a tenth pregnancy 
(mongolian). In this case there was “ pink 
sta ning’ at the time of period, second 
month.’ Of 50 mongols then, there were 
)stances when a specific, relatively in- 
cis ve maternal illness was present at the 
elg th week of gestation, and 5 others in 
wh -h a more chronic maternal disorder 
inc ided the eighth week of fetal life. 
ie number of cases in which there 
Wa intercurrent disease, may not be sig- 
nifi ant in itself, but the tendency to 
loc: ization of the particular maternal dis- 
at a specific stage of pregnancy is 


mongolian). 
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provocative. In addition, this finding is 
even more interesting in consideration of 
associated congenital anomalies other than 
primary mongolian stigmata (which in- 
cluded 12 instances of deformed little 
fingers) as follows: imperforate anus, 3 
cases; webbing of the fingers, webbing of 
the toes, and cleft palate, 1 instance of 
each. The correlation of these deformities 
with the formation of these particular 
structures at about the eighth week of 
fetal life is noteworthy. Ladd and Gross 
state that “ membranous imperforate anus 
results from a persistence of the anal 
membrane, an arrest at about the eighth 
week.’”° 


RUBELLA IN RELATION TO 4 CASES OF ABORTION AND STILLBIRTH 


Hemorrhage before Delivery of 


delivery dead fetus 
2 weeks 8 months 
1 week 6 months 
None 9 months 
None 6 weeks 


According to Gray “the limbs begin to 
make their appearance in the fourth week 
as small elevations or buds at the side of 
the trunk. The axial part of the mesoderm 
of the limb-bend becomes condensed and 
converted into its cartilagenous skeleton. 
By the sixth week the three chief divisions 
of the limbs are marked off by furrows— 
the upper into arm, forearm, and hand; 
the lower into thigh, leg, and foot.” In 
the phalanges ossification begins in the 
body about the eighth week. And again, 
“the deformity known as cleft palate re- 
sults from a non-union of the palatal pro- 
cess.”” “The union commences in 
front, the premaxillary and palatal pro- 
cesses joining in the eighth week, while 
the region of the future hard palate is 
completed by the ninth.” 

Ingalls” is making a further analysis of 
mongolism from the point of view of its 
embryologic development. 

Rubella—General Considerations. Ru- 
bella now takes on the status of a disease 
worthy of the best in diagnosis, reporting, 
treatment, prevention and research. With 
this in mind, a reconsideration of the 
disease is presented. 
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CLINICAL MANIFESTATIONS. Rubella is 
a mild, infectious, self-limited disease, 
ostensibly of the upper respiratory tract, 
though as is now obvious, of a constitu- 
tional nature. Its clinical importance lies 
These include 
secondary infections, encephalitis, neu- 
ritis, and now the fetal disturbances al- 
ready mentioned, and even death. 

The infectious agent is a filterable virus, 
and filtered nasopharyngeal washings give 
rise to the infection in susceptible human 
beings upon subcutaneous injection.” The 


in its rare complications. 


virus particles are demonstrable by fluor- 
escent microscopy in nasal and pharyngeal 
washings, in blood and in blister fluid of 
infected patients.*® Habel? has inoculated 
macacus rhesus monkeys subcutaneously, 
intraperitoneally, intranasally, and intra- 
venously, with the subsequent develop- 
ment of a mild infection characterized by 
a leukopenia, relative lymphocytosis and 
fever (average .5° C.), followed by a “ very 
light scattered macular rash on the face, 
abdomen and thighs, starting about the 
eleventh day, and followed by desquama- 
tion.”” He was also successful in culturing 
the virus on the chorio-allantoic mem- 
brane of the chick embryo in 2 of 4 at- 
tempts. 

The natural incubation period for man 
is generally considered “14 to 21 days; 
usually about 16 days.” In an outbreak 
of rubella in a boys’ boarding school” 
100 of the 106 cases in the first wave fol- 
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lowed the initial case by 15 to 23 days 
(t. e., 183 days from rash to rash). Peak 
incidence occurred at 18 days, and there 
were just 18 days between the theoretical! 
peak of this primary wave, and the peak 
incidence of a subsequent secondary wave 
(Chart 1). Thus the interval between 
“ases when it can be established is suf- 
ficiently distinct from that of measles, for 
example, to be used in differential diag- 
nosis. 

The prodromal stage is ordinarily 12 to 
24 hours though it may be prolonged 
beyond this period and is often character- 
ized by the development of mild “ grippy” 
malaise, coryza and conjunctivitis, to- 
gether with enlargement of the post- 
auricular nodes. In a series of 305 cases, 
Humphrey” found that “the most con- 
stant symptom was post-auricular aden- 
opathy.”’ 

However, it must be stressed that con- 
stitutional symptoms may be slight and 
in school epidemics it has been observed 
that many infected boys may not even 
bother to come to sick call. 

Most definitions of rubella define the 
condition as a febrile disease and Hum- 
phrey reported in his series that “the 
temperature ranged from 99° to 100° F. 
in the majority of cases, and remained 
elevated only 1 or 2 days. In a few in- 
stances it rose to 101° and in still fewer 
to 102° or even 103°.” In Chart 2 the 
temperature curves of 20 adolescent boys 
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Cuart 1.—Boarding school outbreak of rubella, indicating interval between cases averaging 18 days 


as measured from rash to rash. 
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selected at random are shown. They are 
superimposed in groups of 5, and roughly 
grouped according to whether the tem- 
peratures are subnormal, normal, elevated 
but with a quick return toward normal, 
and elevated with a slower return toward 
normal. There appears to be no character- 
istic curve and many curves are afebrile, 
or even subnormal throughout the entire 
course of the disease. 
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Cuart 2. 


‘he mucous membranes of the naso- 
pharynx are typically injected, though 
there is no true enanthem. The bulbar 
conjunctive: are suffused so that the white 
of the eye is more generally pink than 
inflamed as in measles. The exanthem 


developing at the end of the prodromal 
stave is ordinarily manifested as a fine 
ros’-pink maculopapular “pin point” 
ras, usually beginning on the face and 
becoming prominent over the trunk, 
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abdomen, and extremities. Occasionally 
the macules will be as large as a pea, 
rose-red or darker, and may coalesce. 
If the characteristics of the disease cited 
above appear to give the impression that 
rubella is difficult to diagnose, it is per- 
haps well to emphasize at this point that 
the ordinary case is readily diagnosable 
and easily differentiated from measles and 
scarlatina. The exceptional case could be 


DAY OF DISEASE 
@ @ § 


\AN 


Temperature curves observed in 20 cases of rubella arranged roughly according to type. 


perhaps more easily confused with a drug 
rash, particularly if the patient had taken 
a barbiturate during the prodromal period, 
and there were no history of exposure. 
On the other hand, it must be admitted 
that none of thesigns are pathognomonic or 
always present. Habel produced infection 
in monkeys from the nasopharyngeal wash- 
ings of a 4 year old boy in a physician’s 
family, who was definitely exposed to 
rubella for 3 consecutive days, 17 days 
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the 
malaise, and slight rhinitis followed by 


prior to development of “fever, 
posterior cervical lymphadenopathy,”’ yet 
the child never exhibited a rash. Floy- 
strup” also reported the “inapparent” 


infection (7. e., without rash) of his own 


son, 2 weeks following exposure to rubella. 
Two weeks later the boy’s brother devel- 

The value of 
the 
period, and the dates of exposure in such 


oped the typical picture. 
accurate knowledge of incubation 
circumstances is apparent. 

Hynes*® made leukocyte counts on 37 
males, 15 to 39 years old, and on 24 
females, 18 to 45, during the first 2 weeks 
of the disease. He found that a leukopenia 
was the rule at the onset, with the leuko- 
cyte count rising to the upper limit of 
normal by the tenth day. At the onset, 
half the patients had an absolute neutro- 
penia, which gradually became corrected. 
There was also an absolute lymphopenia 
at the onset, but an absolute lymphocy- 
tosis after the fifth day. Tiirk cells were 
always present and commonly numerous, 
and the 
fourth day. Plasma cells were present in 


reached their maximum about 
a half to two-thirds of the patients during 
the first week. The sedimentation rate 
was usually normal. 

British authors lay much stress on the 
finding of Tiirk cells in the blood smear, 
though it is Diamond’s opinion" that such 
findings being non-specific would be of no 
decisive aid in diagnosis. It is apparent 
that no adjunct to correct diagnosis should 
be omitted when rubella occurs during 
pregnancy. Careful search for possible 
exposure 18+3 days before the rash, care- 
ful examination, prompt consultation be- 
fore the rash disappears when the history 
or signs are equivocal, are the obviously 
indicated procedures. Advances in virol- 
ogy, and serological tests are much needed 
for aid in diagnosis in such cases. 

CompuiicaTions. Secondary Infection. It 
might be expected that a constitutional 
virus infection, the mucous 
membranes of the upper respiratory tract, 
would have secondary infections such as 
mastoiditis, sinusitis, and the like. Such 


involving 
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does not seem to be the fact. Wesselhoef: 
after long experience with contagiou 


disease believes rubella to differ striking]; 
The Na- 
mentions no sucl 
1500 


from measles in this respect.“ 
tional Research Council™ 
complications among its reported 
cases 

Secondary infections are, however, occa- 
Thus i 


Humphrey’s experience with 305 cases 


sionally to be reckoned with. 


occurring among institutionalized children, 
5% developed tonsillitis, another 5% de- 
veloped non-suppurative adenopathy, 1 ‘ 
suppurative adenopathy, and 1% otitis 
media. 

One of us has seen 5 patients in the 
post-eruptive stage of rubella contract the 
typical angina and exanthem of scarlet 
fever. This occurred on a troopship when 
a patient immune to rubella, suffering 
from a streptococcal ulcer of the leg, was 
moved into the sick bay with rubella 
patients because of lack of space elsewhere. 
In view of the relative rarity of secondary 
infection, their variety and the circum- 
stances under which some of them occurred 
it is a question whether these instances 
represent actual “complications” or mere- 
ly coincident infections. 

Neuritis. There are rare reports in the 
literature”! * of what has been diagnosed 
clinically as “neuritis’’ appearing 3 to 6 
days after the appearance of the rash. 
Pain, numbness or paresthesias of the 
wrists, shoulders, fingers, hands or ankles, 
has been complained of by the patient, 
and in about half the cases transient motor 
weakness was detected. In 4 such patients 
where the age is given the average was 32. 
There is some suggestion that the phenom- 
enon “arthritic”’ 
involvement and swelling, rather than a 
true neuritis. seen in 
general practice and no one has reported 
the condition in school epidemics. We 


was because of joint 


The cases were 


have encountered one such case with 
“rheumatic”’ puffiness of wrists and ank'es 
for a week following rubella. 

Encephalitis. Margolis, Wilson and 
Top®* estimated that encephalitis occ 


in approximately 1 out of 6000. cases of 
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PREVENTIVE 
rubella. Patients with this complication 
exhibit the non-specific signs of encephali- 
tis: headache, vomiting, stiff neck, fever, 
reflex or speech changes, and the like. 
The authors note that “the leukopenia 
of rubella becomes a leukocytosis with the 

Severe and per- 
characterized the 
course of their 4 fatal cases, and were 
encountered in 4 of their 10 patients who 
The course, whether mild or 
severe, was found to be short, and death 
when it occurred (20.8% fatality rate) 
was within 3 days of the onset of encephali- 
tic signs. These occurred “with striking 
consistency 4 days after the onset of the 
They further note that only 
| of the 34 previously reported cases in 
the literature developed persisting sequel 

ataxia, of all the extremities, tremor of 
the right hand and partial facial paralysis. 
These symptoms cleared in 2 months. One 
of the authors’ cases had similar persisting 
signs 4 months after onset. 

There does not appear to be any special 
predilection of encephalitis for any one 
age group. Encephalitis is not mentioned 
as having been encountered in the more 
than 1500 cases studied by the British 
Medical Research Council in boarding 
hools. 

RECRUDESCENCES. The great majority 
of recurrent attacks follow shortly in the 
wake of the first. Thus in an epidemic 
reported by Humphrey* 19 patients (6%) 


onset of encephalitis.” 


sistent convulsions 


rec »vered. 


disease.” 


had reerudescent attacks which occurred 
from 12 to 4ledays after the onset of the 
first attack. He states “that in our opinion 
there can be no question concerning the 
di.gnosis. In such instances . . . the 
d went through the original course of 
th. disease without complication, and then 
la‘er a second course with similar symp- 
tons, except that in 3 complications de- 
ve oped. . . . The rash was typical and 
ge eralized in both of the attacks. It was 
ob erved that in general the second attack 
Ww: of shorter duration and was milder. 
It \hould be noted that there was oppor- 
ity in the institution for re-exposure.” 
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He concluded that “the large number of 
second attacks suggests that immunity in 
rubella may not develop for about 3 weeks 
after onset.”” The average interval exclud- 
ing the 1 case with a 41-day intervening 
period, was 26 days. 

In one outbreak of 65 cases brought to 
our attention, one recrudescent attack oc- 
curred following the primary by an inter- 
val of 18 days. 

Seconp Arracks. Bona fide second 
attacks of rubella appear to be rare. That 
they do occur is suggested by the National 
Research Council’s statement that “in 4 
pairs of epidemics analyzed in detail, 2 
boys at school N.B. were attacked in both 
epidemics, the diagnosis being made by 
How- 
ever, physicians, nurses and parents are 
continuously being re-exposed without 
contracting the disease for a second time 
and the very nature of the epidemiologic 
curves which are presented here show that 
immunity is essentially lifelong. It is 
probable that the recrudescent cases de- 
scribed above account for the widespread 
impression that rubella is readily con- 
tracted for a second time. Misdiagnosed 
cases and misinformation add to the con- 
fusion on this point. Thus the National 
Research Council finds that “in 9 analyzed 
epidemics among boys and in 3 among 
girls, the attack rate on so-called immunes 


the same school medical officer.” 


However, the Council 
doubted that “error can account entirely 


was over 10%.” 


for this phenomenon.” 
INAPPARENT ATTACKS. 
evidence that a susceptible individual may 


There is some 


acquire immunity to rubella without ap- 
parent clinical signs. The National Re- 
search Council notes that “in one school, 
out of 539 boys not attacked in 1932 when 
the attack rate was 17.1%, 339 were still 
in school in 1933 when there was a second 
outbreak. None of these boys was attacked 
in the second outbreak, whereas 20.4% 
of the boys exposed for the first time 
contracted rubella. Perhaps the true ex- 
planation lies in the ease with which mild 
clinical signs may be overlooked. 
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Rubella—Epidemiology.* In view of 
the long-held attitude toward German 
measles as a “nuisance rather than a 
it is not surprising that little 
information is to be found which affords 
much of a conception of the epidemiologic 
behavior of the disease. Beyond the fact 
that it is obviously of a contagious nature, 
data have not which 
establish even such general features as the 
extent of occurrence of the disease, its 


disease, 


been assembled 
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forms an epidemiologic pattern sufficient 
to stamp it as one of “the immunizing 
infections of childhood”’ of the same mag- 
nitude as measles. In Chart 3 is shown 
the reported incidence of the disease in 
Massachusetts from 1917 to 1945 by years 
and by months. There is a fairly regular 
periodicity differing from measles in that 
high prevalence tends to extend over 
periods of 2 or 3 years in sharp contrast 
with the intervening low prevalence of 


tines 


CHART 3. 


age distribution, urban-rural behavior, 
duration of immunity, etc. But on read- 
ing the foregoing discussion on incubation 
period, recrudescences, second attacks and 
inapparent attacks, one is struck by the 
similarities to measles. From data pre- 
sented here, it would be expected that 
equally complete reporting and study 
would reveal an epidemiologic pattern in 
German measles not unlike that of measles. 

There are many indications that the 
reporting of German measles is for appar- 
ent reasons highly deficient. Nonetheless 
the reported occurrence of the disease 


Reported inc&lence of rubella by years and by months in Massachusetts. 


2, 3 or 4 years’ duration. This is seen in 
similar to that of 
measles, excepting that during the periods 
of high prevalence the disease remains at 
distinctly high levels in the “off season 

Not only these general features but the 
fact that in the highest years the reporté 
cases of German measles attain the same 
proportion as the highest years of measles 
especially suggestive of an extent of sprea 
in German measles similar to that in me 
sles. In lower years the fact that cases ru 
only about one-tenth those of measles is b 
lieved to be due to deficiency in reportings. 


the seasonal curve, 


4 


* We are indebted to the Division of Communicable Diseases, State Department of Health of Mass 


chusetts for epidemiologic data on rubella, and to Miss Katharine H. Hendrie for analysis of it. 
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CuHartT 4.—Comparative age distribution of rubella in urban and rural Massachusetts in 1943. 
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378 PROGRESS OF 
AGE AND Sex Distripution. The per- 
age distribution of 
Massachusetts in 1943 for seven largest 
cities and for towns under 5000 are shown 
in Chart 4. 
at a somewhat older age in smaller popula- 


centage rubella in 


The ocenrrence of the disease 


‘ 


tions is characteristic of the “immunizing 
infections of childhood.” 

In both the urban and rural population 
the reported cases in females become in- 
creasingly greater in the older age groups 
(Chart 5). 
females in the older age groups may be 


To what extent the excess in 


due to better reporting by reason of the 
fact that females are in the home and are 
reported along with smaller children or 
to what extent there is greater exposure 
to children as suggested by Pope’s® study 
of secondary attack rates in scarlet fever 
is not known. 
the point of interest is the fact that about 


In the present connection, 


ME 


DICAL SCIENCE 
Finally it might be stated that there i 
no seasonal differential between Germat 
and The 
seasonal prevalence are closely similar. 
Prevention of Anomalies. At the present 
time the only positive measure is deliberat« 


measles measles. curves 0 


exposure before the child-bearing period 
It would seem undesirable to prevent th: 
naturally occurring infection among young 
people when their mothers, if susceptible 
were not pregnant; and in females actually 
to seek exposure if they have not con 
tracted the disease by adolescence. It is 
possible that inoculation* with rubella 
may be part of the pediatrician’s future 
program of preventive medicine,f just as 
Such a 
possibility awaits the development of suit- 


is vaccination against smallpox. 
able techniques. There is a mortality to 
be reckoned with:{ something in the 
order of 1/30,000 to 1/100,000, but this 


14% of female cases and about 8% of all mortality is to be found in all age groups 


cases are in females of child-bearing age. and the menace that the disease holds 

* Tf it took 100 years to uncover the severe sequele of rubella, oddly enough we may have to go back 
100 years to uncover a principle applicable to their prevention: namely, inoculation. Variolation, *‘that 
most interesting epoch in medical history which kept greater and humbler minds in fever heat during 
almost one whole century,” has entered little, if at all, into later immunologic investigation,”® although 
it called forth, in its time, a unique and extensive trial of a specific preventive measure, the logical con- 
sequence of which was vaccination. Without attempting to review the activities of many great medical 
minds of the day, it is interesting that they were extended to such figures as Lady Mary Wortley Mon- 
tague, Benjamin Franklin, Cotton Mather, Voltaire and Frederick the Great, not to mention the brothers 
Robert and Daniel Sutton, themselves not medical men, who became specially famous for their *“‘suc- 
cessful inoculation.’’ With many attempts to make it safe by preparation of the patient, such as the 
cooling regimen of Sydenham so that the ‘‘solids and fluids may be reduced from a greater to less inflam- 
mability,’’ or modifying the inoculation by dilution and the use of ‘‘ passage”’ or “‘unripe”’ virus, it might 
well have furnished an efficacious preventive measure,’ had it not been quickly supplanted by the safe 
It was declared a felony in England by an Act of Parliament in 1840 
In the manner that the name vaccination came to designate an immunological principle, ‘‘ variolatior 
as a principle may be revived (incculation with the virus of rubella) as constituting the most feasilt 
procedure available at the present time for the control of the disastrous sequele of rubella. 

Variolation at best was a drastic procedure, and would have been so even if strains like alastrim h: 
been utilized. Its objective was to induce life long immunity by mild strains (based on crude empiri 
criteria) at the most propitious time and under the most propitious circumstances. Measles is another 
inevitable disease in which deliberate exposure has been practiced at times, particularly within the fam 
circle. The use of immune globulins permits the physician to postpone the inevitable if the moment 
not propitious, or to provoke a milder disease. The possibility of inoculation of infants before passive 
immunity of maternal origin disappears or the production of modified measles by the combined use 
globulin injection and virus inoculation, has not been explored, no doubt for the reason that virus h 
not been available. A fraction of the population gives no history of ever having contracted rubel 
even after known exposure. It is conceivable that such people may have contracted an unrecogniz 
modified form of the disease while they yet possessed partial maternal immunity. 

+ Incidentally, the practice of inoculation with, or exposure to rubella would provide an unprecedented 
opportunity for observation on the precise mechanism of natural infection: that aspect of epidemiolo; 
which has been least satisfactorily imitated in experimental disease in animals. For example, inoculati 
or exposure of a group of volunteers is the only satisfactory way of determining the efficacy of gamma 
globulin as a prophylactic, short of extensive and laborious studies such as have been made on meas!'s 
during the past decade. A defect inherent in this latter type of investigation is that the different: :] 
diagnosis between modified measles and rubella is so tenuous that the differentiation of a failure ‘o 
immunize from modified measles could occasion considerable confusion. 

{ Figures tending to show that the mortality is 1 to 60,000 may be excessively pessimistic, as it \s 
probable that most cases of post-rubella encephalitis are reported whereas a minority of cases of t 
uncomplicated disease are thought to be reported. 


and practicable vaccination. 
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PERVENTIVE MEDICINE 


for the unborn child would be appreciably 
reduced if not eliminated. 

The only prophylactic therapy that can 
be proffered an exposed pregnant mother 
is immune globulin. However, available 
clinical experience has not established its 
efficacy. There have been a number of 
instances of evident failure of gamma 
globulin to prevent the disease. The term 
“evident failure” 
tinction between modified measles and 
rubella is not an easy one: rash, Koplik 
spots, and incubation periods all being 
altered. In one family, 2 children exposed 
to both measles and rubella in school 


is used, since the dis- 


developed a fine rash and post-auricular 
adenopathy 14 and 15 days after an in- 
jection (2.5 ce.) of gamma globulin. Of 
2 other children in the same family, 1 
was given gamma globulin at the time the 
first eases developed; the other a 6 months 
old baby was not. Both developed typical 
rubella 15 days after the first sibling’s 
rash. The mother who had had measles 
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in the past but not rubella also developed 
typical rubella.‘ There appears to be little 
reason for believing the disease in the 
three “failures”” was modified measles. 

Many authors have gone as far as to 
suggest that “the justification for thera- 
peutic abortion,” if rubella (or other 
exanthemata) be contracted in the first 
2 months of pregnancy, “should be de- 
bated.” Others have gone so far as to 
accept the available evidence as sufficient 
grounds for termination of the pregnancy. 

Such a far-reaching question can be 
approached with wisdom only when there 
are adequate statistical studies to estab- 
lish the specific risks of infection at. all 
stages of pregnancy. Knowledge from 
such studies would have to be interpreted 
not only in terms of actual risk of con- 
genital anomalies but as well in terms of 
the “health of the mother” in continuing 
a pregnancy with such a known risk and 
finally in terms of an informed public 
opinion. 
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BOOK REVIEWS AND NOTICES 


NURSING IN COMMERCE AND INDUsTRY. By 
BetHeL J. McGratu, R.N. Pp. 355. 
New York: Commonwealth Fund, 1946. 
Price, $3.00. 

WirnHovut defining objectives, the author 
goes straight to the point indicated in the 
title and presents a manual, complete, well 
organized and delightfully written. As such, 
it fulfills a long felt need of nurses in industry. 
However, the book far transcends these 
limits. It holds much of interest to all 
nurses, as well as to executives in industry, 
to the field of preventive medicine and 
public health, and to the general public, and 
also meets the need for a guide to those 
concerned with the development of health 
services for students, staff and other per- 
sonnel in hospitals, schools of nursing and 
medicine. We note especially the demo- 
cratic and thought-provoking chapter on 
relationships with employees and employer 
organizations. The question of union mem- 
bership, presented with fairness and re- 
straint, still retains its question mark; the 
Reviewer would have appreciated stronger 
support of the professional attitude. 


AN INTRODUCTION TO EssENTIAL HyPERTEN- 
sion. By Ricuarp F. Hernpon, M.D., 
F.A.C.P. Pp. 88; 7 illus. Springfield, IIl.: 
Thomas, 1946. Price, $2.50. 

Tus little book is clearly written, with 
frequent summaries and excellent illustra- 
tions. It condenses a great deal of material 
in a relatively small space, and hence should 
be of value to the physician who wishes to 
acquire a viewpoint quickly, the physician 
whom the author describes in the Preface 
as “the ordinary practitioner on the firing 
line of medicine.” It contains no new or 
original material, and will probably be of 
little use to the physician already interested 
in hypertension. The limitation of space 
that the author has set for himself necessi- 
tates certain omissions that may give the 
casual reader a distorted view of the outlook 
for the future. J. G. 


GRAPHI( 
By Franz M. GROEDEL, 
M.D., Attending Cardiologist, Beth David 
Hospital. Pp. 223; 7 ills. and 290 tracings. 


THE VeENous PULSE AND ITs 


RECORDING. 


New 
1946. 


York: Brooklyn Medical Press, 
Price, $5.50. 

THE techniques and interpretations of 
more than a century of investigation of 
phlebography, pneumocardiography and 
esophagocardiography are described and 
criticized. Technical improvements of 
methods are demonstrated by many excel- 
lent tracing reproductions. An extensive 
bibliography is provided. This book is dif- 
ficult reading. Its evaluations are in some 
cases open to question (cf. ballistocardiog- 
raphy). The author is diffuse and repetitive, 
and seems to overstress the value of these 
methods in clinical investigation. C.K. 


CosMETics AND Dermatitis. By L. 
Scuwartz, M.D., and 8. M. Peck, M.D., 
U. S. Public Health Service. Pp. 189; 
20 ills. New York: P. B. Hober, 1946. 
Price, $4.00. 

THe authors concisely present a satis- 
factory analytical approach to skin reactions 
to popular cosmetics. The book contains 
several uninformative photographic illustra- 
tions and statements, especially in Chapter I, 
such as (p. 18): ‘The hairs which grow in 
the nostril have the general character of 
eyelashes. They are only infrequently found 
in women;” and (p. 19): ‘‘ Most people have 
hair on the extremities. In childhood transi- 
tional hairs are found. They are later re- 
placed by terminal hairs like those on the 
body, but shorter;”’ which tend to decrease 
rather than increase the reader’s interest. 
Nevertheless, this interest is so amply re- 
warded in subsequent chapters, that the 
book is a really valuable contribution to 
medical literature and should be read and 
re-read by every physician practising der- 
matology, as a specialist, or general prac- 
titioner. J.L 
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ESSENTIALS OF GENERAL ANESTHESIA. By 
R. R. MacInrosu and Frepa B. Ban- 
NISTER, University of Oxford. Third ed. 
Pp. 334; 239 ills. Springfield, Ill.: Charles 
C Thomas, 1945. Price not given. 


In this third edition, relatively few changes 
have been made in the text. The book is 
primarily intended for dentists, but all of 
the material presented is of interest to the 
anesthesiologist regardless of the type of 
surgery contemplated. R. D. 


CURRENT THERAPIES OF PERSONALITY Di1s- 
ORDERS. Proceedings of the Thirty-fourth 
Annual Meeting of the American Psycho- 
pathological Association, held in 1945. By 
BERNARD GLUECK, M.D., Editor. Pp. 300. 
New York: Grune & Stratton, 1946. 
Price, $3.50. 


Tue Presidential Address was entitled: 
Psychiatry, an Instrument of Personal and 
Social Rehabilitation. Following this were 
papers by the various collaborators under 
these captions: I, The Modern Psychiatric 
Hospital; II, The Psychochemical Tech- 
niques in Psychiatry; III, The Psychiatric 
Guidance Rehabilitation Techniques. 

Group psychotherapy is slowly making 
headway, so that children, adolescents and 
adults may be benefited by its application. 
Relationships with others than their own 
imilies are important to children, and group 
lay supplies such a need. Adolescent de- 
nquents may receive benefit. Among adults, 
ie neuropsychoses and mild types of func- 
onal psychoses are suitable for group ther- 
yy. But not all subjects should receive 
ich treatment; where there are deep-rooted 
notional conflicts, perhaps the psycho- 
analytic method may prove more helpful. 
\leoholics Anonymous with its personal, 

igious and social implications, receives 
vorable consideration. The employment 

convulsive shock therapy in some psychot- 

, also to prevent deterioration and to 

1intain certain behavior levels, may prove 

itifying when proper amounts are ade- 
ately administered, and with careful man- 
asement of the patients. 
Though these contributions are excellent, 
book can be all-inclusive. We would 
ve liked to have seen Moreno’s psycho- 
di amatiecs considered. N. Y. 
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Environmental Warmth and Its Measurement. 
By T. Beprorp, D.Sc., Px.D., M.I.- 
Mrn.E. Pp. 40, Supplement of Charts for 
the Calculation of Environmental Warmth 
(H.M.S.0.). London: British Informa- 
tion Services, 1946. Price, $.70. 

Women in Industry, Their Health and Effi- 
ciency. Issued under the auspices of the 
Division of Medical Sciences and the 
Division of Engineering and Industrial 
Research of the National Research Coun- 
cil. Prepared in the Army Industrial 
Hygience Laboratory by Anna M. Baet- 
JER, Se.D., Assistant Professor of Physio- 
logical Hygiene, School of Hygiene and 
Public Health, The Johns Hopkins Hos- 
pital. Pp. 344. Philadelphia: Saunders, 
1946. Price, $4.00. 


Curare Intocostrin. Composed of reports of 
one hundred and forty-eight investigators 
and clinicians published in recent years. 
Pp. 292. New York: E. R. Squibb & Sons, 
1946. No Price Given. 


Advancing Fronts in Chemistry. By WENDELL 
H. Powers (edited), Assistant Professor 
of Chemistry. Pp. 156. New York: 
Reinhold Publishing Corporation, 1946. 
Price, $3.25. 

Medical Service by Government. Local, State, 
and Federal. By Bernuarp J. STERN, 
Pu.D., Lecturer in Sociology, Columbia 
University. Pp. 208. New York: The 
Commonwealth Fund, 1946. Price, $1.50. 

New Aspects of John and William Hunter. 
By JANE M. OppENHEIMER, Bryn Mawr 
College. With a Foreword by Fenwick 
BEEKMAN, M.D. Pp. 208; 5 ills. New 
York: Henry Schuman, 1946. Price, $6.00. 


Wm. Beaumont’s Formative Years. With 
Annotations and an Introductory Essay 
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